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Low-income students and blacks make up nearly half of public school students,
and on nearly every indicator of educational access, particularly technology, these
students have less access than white affluent students (Darling-Hammond, Zielezinski,
and Goldman, 2014). The National Center for Education Statistics (2005) reported that
teacher quality and missed opportunities to learn accounted for 93% of African
Americans, and 87% of Hispanics performing below proficiency in mathematics.
Students that do not master mathematics standards by the end of compulsory education
are less likely to complete general mathematics courses in upper secondary school and
beyond successfully (Levpušček, Zupančič, & Sočan, 2013). Interactive whiteboards
(IWBs) can support student engagement, interest and possibly increased achievement in
mathematics if used effectively.
The purposes of this study were to (a) examine the perspectives of secondary
mathematics teachers with regard to the use of IWBs for teaching, (b) determine how
secondary mathematics teachers in one school district use the IWB to guide students

toward mathematical proficiency, and (c) consider how secondary mathematics teachers’
perspectives in one school district were influenced by 1st order and 2nd order barriers to
technology integration. The following factors were considered when examining the
context needed to better understand the complexities using IWBs effectively in
mathematics: (a) Niess et al. (2009) Mathematics Teachers’ TPACK Development
Model, (b) Miller and Glover (2005) stages of IWB use, and (c) Ertmer (1999) first-order
and second-order barriers to technology integration.
The data revealed that at each stage of IWB use (a) supported didactic, (b)
interactive, and (c) enhanced interactivity, teachers faced a unique combination of firstorder and second-order barriers to IWB integration that affected how IWBs were used for
teaching mathematics. The results of the data suggest that as barriers are resolved at each
stage of IWB use, the likelihood mathematics teachers will effectively use IWBs to teach
mathematics will increase. Suggestions including administrator support and modifying
professional development practices are included to provide educators and policy makers
the practical knowledge needed to inform sustainable plans for integrating IWBs
effectively.
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CHAPTER I
INTRODUCTION
Technology devices, the World Wide Web, search engines, and social media put
us in touch with the world (i.e. people, places, information and ideas) instantly, all the
time, and on a large scale (Ivy & Franz, 2013). One may suppose at first glance the
purchase and installation of new technology for classrooms would result in rich
technology-enhanced learning experiences for students, however this assumption is far
from the truth. Studies (Cuban, 2001; Darling-Hammond, Zielezinski, & Goldman, 2014;
Gall, 2013; Hedberg, 2011) have found that not many of technology’s affordances are
maximized in classroom settings.
Teachers rely on more than content knowledge to guide student learning. More
than 20 years ago, Shulman (1986, 1987) proposed the construct of pedagogical content
knowledge (PCK) as knowledge teachers needed for teaching. Ball (2000) referred to this
knowledge as the nature of teacher understandings in order to guide students toward in
mathematical proficiency. The PCK construct was proposed as an integrated knowledge
structure of the subject area, knowledge of students, pedagogical knowledge, and
knowledge of the environmental context as teachers engage in planning, teaching, and
assessing instructional materials (Ball, 2000; Shulman, 1986). At the time PCK was
gaining attention digital technologies were also becoming more accessible as powerful
educational tools (e.g. calculators, computers etc.). Educators believed that PCK provided
1

an adequate foundation for technology integration. However, more and more studies
(Pierson, 2001; Russell, Bebell, O’Dwyer & O’Connor, 2003) acknowledged that
meaningful technology use required a combination of technical skills and pedagogical
content knowledge. Teachers would need to extend their pedagogical content knowledge
(PCK) to a more robust knowledge of educational tools that included digital technologies
in order to use technology effectively. In response, Mishra and Koehler (2006) built upon
Shulman’s foundation of PCK to include a combination of technical skills and
pedagogical content knowledge. This extension came to be known as technological
pedagogical content knowledge (TPACK).
TPACK Framework
TPACK is a framework used to understand and describe the integration of
knowledge teachers need for using technology effectively (Mishra & Koehler, 2006).

Figure 1.

TPACK Model Framework.

Reproduced by permission of the publisher, © 2012 by tpack.org
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If then the pedagogical content knowledge required for each discipline is
different, then the ways in which technology might be used for each discipline may also
be different (Bull & Bell, 2009). Some examples of these variations of TPACK include
G-TPACK for geography TPACK (Doering, Veletsianos, Scharber, & Miller, 2009), and
E-TPACK for English TPACK (Hughes, 2005). In the discipline of mathematics, Niess et
al. (2009) developed the Mathematics Teacher TPACK Development Model to offer
guidelines for thinking
about TPACK in the context of mathematics. Understanding TPACK varies across
disciplines, I have chosen to take liberty to refer to the work of Niess et al. (2009) as MTPACK in this study. M-TPACK (Niess et al., 2009) was the point of reference in
studying I-TPACK development among mathematics teachers in this study (see Appendix
A). The term I-TPACK is used to represent the intersection of mathematical pedagogical
content knowledge (PCK) and IWB technological skill knowledge (I-TK) teachers need
to use IWBs effectively in mathematics. Niess et al. (2009) explained that the M-TPACK
standards for teachers and the corresponding development model are works in progress
that may change as new technologies are introduced into mathematics classrooms. In this
study, I further the work Niess et al. (2009) began with M-TPACK to the development of
mathematics teachers’ I-TPACK.
Problem of the Study
Mathematical content knowledge must be transformed in such a way that the
students can learn it (Rowland, Huckstep, & Thwaites, 2005). The National Council of
Teachers of Mathematics (NCTM) support the vision of TPACK, stating that technology
is essential in teaching and learning mathematical topics, and enhancing students’
3

learning of mathematics (NCTM, 2000). More commonly, since the introduction of
calculators and computers, the interactive whiteboard (IWB) can be found in many
classrooms today. IWBs were designed to replace traditional blackboards. The IWB can
project any image from a computer onto a large interactive surface measuring 77-95
inches diagonally. Images and text can be manipulated using a stylus or finger (Mohon,
2008). Teachers can flexibly use IWBs to enhance a variety of pedagogical approaches,
and efficiently design multimedia or multimodal presentations with the touch sensitive
screen (Smith, Higgans, Wall, & Miller, 2005). IWBs afford an exhibition platform of
real-time tools for instant digitization (e.g. visuals, algebra tiles, balances, graphs,
rotating geometric figures etc.) to guide students toward mathematical proficiency
(Gillen, Littleton, Twines, Staarman, & Mercer, 2008; Miller & Glover; 2005; Shenton &
Pagett, 2007; Smith, Hardman & Higgins, 2006; Warwick & Kershner, 2008).
There has been approximately 600,000 IWBs sold worldwide, generating nearly $1
billion in revenues (Lenway, 2012). In 2006, Posy county invested more than $900,000
toward the purchase of IWBs, installation, and professional development. However,
between fall 2010 to spring 2014, I visited a number of mathematics classrooms around
the district and found few IWBs in working condition and few secondary mathematics
teachers that used the IWB effectively. The problem in this study is twofold: (a)
mathematical content knowledge must be transformed in such a way that students can
learn it, and (b) educators and policy makers need more practical knowledge to inform
sustainable plans for using IWBs effectively, particularly in mathematics.
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Significance of the Study
This study takes place in the Posy County School District located in Rural South,
USA, spanning 625 square miles. Posy school district serves 6,278 students, 5,154
students receive free or reduced lunch. There are 5,004 Blacks, 88 Hispanics, and 30
Asians. The National Center for Education Statistics (2005) reported that teacher quality
and missed opportunities to learn accounted for 93% of African Americans, and 87% of
Hispanics performing below proficiency in mathematics. Levpušček et al. (2013) found
students that do not master mathematics standards by the end of compulsory education
are less likely to complete general mathematics courses in upper secondary school and
beyond successfully.
IWBs can support student engagement, interest and possibly increased
achievement in mathematics if used effectively. The following factors were considered
when examining the context needed to better understand the complexities of helping
secondary mathematics teachers use the IWB effectively: (a) Niess et al. (2009) MTPACK framework, (b) Miller and Glover (2005) stages of IWB use, and (c) Ertmer
(1999) first-order and second-order barriers to technology integration. I-TPACK and
technology integration are neither synonymous, nor can these terms be used
interchangeably (Ertmer, 2013). I-TPACK alone does not account for other variables
such as support, training, and teachers’ beliefs that have been shown to significantly
affect how teachers use or not use technology in their teaching practices (Chen, Looi, &
Chen, 2010; Ertmer & Ottenbreit-Leftwich, 2010; Voogt, Fisser, Pareja, Tondeur, & van
Braak, 2013). The findings in this study suggest that as first-order and second-order
5

barriers to IWB integration are resolved, secondary mathematics teachers will be more
likely use IWBs more effectively mathematics instruction.
Purpose of the Study
The purposes of this study were to (a) examine the perspectives of secondary
mathematics teachers with regard to the use of IWBs for teaching, (b) determine how
secondary mathematics teachers in one school district use the IWB to guide students
toward mathematical proficiency, and (c) consider how secondary mathematics teachers’
perspectives in one school district were influenced by first-order and second-order
barriers to technology integration. Seven of 40 secondary mathematics teachers working
in the Posy County School District participated in this study. These teachers have
received training in best practices for mathematics instruction and the use of mathematics
curriculum products. IWB training varied; some teachers engaged within independent
study (e.g. graduate coursework, online resources, conferences, and workshops etc.),
others participated in trainings offered in the Posey school district facilitated by district
personnel, product trainers, and university experts.
An exploratory case study design was used to conduct this study. Exploratory
case study research was useful as I considered questions of “what” and “how” (Yin,
2003). I chose an embedded multiple case design over a single case study design for two
reasons (a) the ability to analyze how first-order and second order barriers affect how
secondary mathematics teachers use I-TPACK within the context of a single case, and (b)
the ability to analyze how first-order and second-order barriers affect the secondary
mathematics teachers’ I-TPACK across multiple cases within a single study. Each teacher
was considered a case. The similarities and differences across each case were frequently
6

compared throughout the study (Yin, 2003). Teachers participated in one extended esurvey interview, several brief conversational interviews, and three observations.
Photographs, videos, lesson plans and textbook excerpts were collected as relevant
documents, and used to support, clarify and provide additional details related to
interviews and observations. Suggestions including administrator support and modifying
professional development practices are included to provide educators and policy makers
the practical knowledge needed to inform sustainable plans for integrating IWBs
effectively.
Research Questions
1. How do secondary mathematics teachers in one school district exemplify ITPACK?
2. What first-order and second-order barriers to technology integration exist in one
school district?
3. How might first-order and second-order barriers to technology integration affect
how secondary mathematics teachers exemplify I-TPACK in one school district?
4. What support needs remain to be addressed to effectively promote and develop
secondary mathematics teachers’ I-TPACK beyond supported didactic in one
school district?
Operational Definitions
Beliefs are defined as a combination of teachers’ expectancy-value of teaching and
learning with technology and self-efficacy (Atkinson, 1957; Bandura, 1997;
Pajares, 1992).
7

Frequency will be the used to describe the number of days per week in which the IWB is
used for instructional delivery. Frequency at times is described in terms of high,
moderate or low. High frequency is 4-5 days per week. Moderate is 2-3 days per
week, low is 0-1 day per week.
I-TPACK is the intersection of pedagogical content knowledge and technological
knowledge needed to effectively use IWBs for enhanced teaching and learning. ITPACK is measured in three stages: (a) supported didactic, (b) interactive, and (c)
enhanced interactivity (Miller & Glover, 2005; Mishra & Koehler, 2006).
Operational in this study is used to describe the IWB capability to be used for
instructional delivery, which includes an IWB, that can be powered on and is
connected to the required laptop and multimedia projector.
Technology-enhanced learning is the process of enhancing standard learning
processes with the support of technology (Park & Ertmer, 2008).
Technology integration is a process that determines how technological device is
used or not used (Graham, 2010).

8

CHAPTER II
RELATED LITERATURE AND THEORECTICAL FRAMEWORK
The purposes of this study were to (a) examine the perspectives of secondary
mathematics teachers with regard to the use of IWBs for teaching, (b) determine how
secondary mathematics teachers in one school district use the IWB to guide students
toward mathematical proficiency, and (c) consider how secondary mathematics teachers’
perspectives in one school district were influenced by first-order and second-order
barriers to technology integration. The following factors were considered when
examining the context needed to better understand the complexities using IWBs
effectively in mathematics: (a) Niess et al. (2009) M-TPACK framework, (b) Miller and
Glover (2005) stages of IWB use, and (c) Ertmer (1999) first-order and second-order
barriers to technology integration.
I-TPACK in Mathematics Education
I-TPACK, though specific to IWBs, does not exclude aspects of mathematics
teachers’ pedagogical content knowledge. Mathematics teachers use pedagogical content
knowledge to consider a wide selection of instructional materials and tools like IWBs,
and critically assess their usefulness in teaching (Choppin, 2009; Lambert & Stylianou,
2013; Remillard, Herbel-Eisenmann, & Lloyd, 2011; Shulman, 1986). Gaps in
mathematical pedagogical content knowledge may inhibit the mediation of rigorous
standards and the quality of mathematics instruction teachers can provide, particularly
9

when assessing how technology, such the IWB might be used as a tool for teaching and
learning (Stigler & Hiebert, 1999). Ertmer (1999) explained variables that affect
technology integration, such as the IWB, fit in two categories: first-order barriers
(external) or second-order barriers (internal). First-order barriers refer to obstacles such
as lack of resources, culture, and standardized assessments (Hew & Bush, 2007; Inan &
Lowther, 2010; Robinson, 2003; Yildirim, 2013). Second-order barriers are internal and
include obstacles such as attitudes, beliefs, knowledge, and skills (Hew & Bush, 2007;
Inan & Lowther, 2010; Robinson, 2003; Yildirim, 2013).
Conceptual Framework for I-TPACK Development
First-order and second-order barriers to technology integration are adapted from
educational change theories proposed by Cuban (1993) and Fullan (1991). Cuban (1993)
and Fullan (1991) explained that change theories define all the building blocks in a
change framework required to bring about certain preconditions, outcomes, or results. A
change framework serves as a graphic representation of the change process. Each
outcome in the pathway of change is tied to an intervention, often revealing a complex
web of activity. The change framework in this study, which serves as the conceptual
framework illustrates this web of activity specifically tied to using IWBs more
effectively. Three tiers were used in the framework. Tier I is user classification and entry,
Tier 2 represents first-order and second-order barriers to IWB integration, and Tier 3
illustrates stages of I-TPACK and frequency of IWB use (see Figure 2).
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Figure 2.

Conceptual Framework for I-TPACK Development.

The conceptual framework is grounded in three theories: organizational culture
theory, adult learning theory and self-efficacy theory. While existing theories framed the
beginning stages of this research study, as the study unfolded, the findings were used to
augment the final version of the conceptual framework in Chapter IV (Wolcott, 2005).
Tier 1: I-TPACK and User Dispositions
In Tier 1, the initial presumption is that there are two types of IWB users. Brunner
(1992) identified two types of technology users, limited and knowledgeable. Limited
users will often challenge practices that are different from the way they learned specific
mathematics concepts. I have presumed based on the findings in the related literature that
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most limited users are halted in their acceptance of technology primarily due to firstorder barriers like administrator, peer or district support. According to Niess et al. (2009),
the emergence of a new technology requires rethinking its acceptance for teaching and
learning mathematics, rethinking the content and the pedagogies, as well. Some aspects
of what is learned about teaching a particular topic, specifically topics in mathematics
with one technology may prove to be a disposition toward acceptance or resistance of
another technology.
Unlike limited users, knowledgeable users have likely employed strategies to
overcome first-order barriers. Knowledgeable users possess high-levels of self-efficacy
due to their technological skills, whether true or perceived. In the conceptual framework,
the knowledgeable user is advanced to the latter phase of tier 2 and is engaged in varying
stages of I-TPACK. Typically knowledgeable users achieve I-TPACK on their own
terms. The knowledgeable user is familiar with the technology and more likely to learn
about newer technologies with little or no support from their school or district
organization. These users are likely to compensate for information not gathered in
professional development in their own way. Teachers that are knowledgeable users are
likely to hold beliefs that place a high value on the use of technology for teaching and
learning mathematics and/or have high self-efficacy. However, it is important to note that
though knowledgeable users have high levels of self-efficacy partly due to their
technological skills, it does not always ensure the teacher will use the IWB at high levels
(Ertmer, 1999).
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Tier 2: Barriers to I-TPACK
First-order barriers can present challenges to achieving technology integration
(O’Mahony, 2003; Pelgrum, 2001), and second-order barriers are thought to present a
greater challenge (Dexter & Anderson, 2002; Ertmer, 1999; Ertmer, Addison, Lane,
Ross, & Woods, 1999; Newhouse, 2001; Zhao, Pugh, Sheldon, & Byers, 2002). Rogers
(2003) and Ertmer (1999) suggested that when investigating technology integration, these
barriers be addressed together, as they are highly interrelated, and inextricably linked
together.
Organizational culture. For many teachers, possessing the relevant knowledge,
confidence, and beliefs is enough to empower them to integrate technology into their
classrooms in meaningful ways. There are teachers who have managed to be successful
technology users, despite facing multiple barriers, including lack of support (Ertmer,
Gopalakrishnan, & Ross, 2001). Yet, for the vast majority of teachers, this is insufficient.
Zhao and Frank (2003) explained that technology innovation is less likely to be adopted
if it deviated too greatly from the existing values, beliefs, and practices of the teachers
and administrators in the school. Unfortunately, for most, the culture to which they must
conform has not adopted a definition of effective teaching that includes technology as an
important tool for facilitating student learning.
Cultural change represents the guided emergence of new norms, practices, and
ways of thinking. The International Society of Technology Education (2009) published
the National Education Technology Standards for Administrators (NETS●A), which
outlines the skills and knowledge school leaders need to establish a culture for
technology-enhanced learning environments:
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Standard I: Visionary Leadership



Standard II: Digital age learning culture



Standard III: Excellence in professional practice



Standard IV: Systematic improvement



Standard V: Digital citizenship
Visionary leadership. Schrum (2010) found that a shared vision is essential in

developing an organization culture that will harness the power of educational
technologies. Standard I focuses on a shared vision for comprehensive technology
integration throughout the organization. Senge (1991) described a shared vision as picture
in the future that one wishes to be created. The vision is genuine and people buy in to the
vision not because they are told to, but because they want to. Often leaders fail to
translate their individual vision to a shared vision. Park and Ertmer (2008) discovered
many schools focused on the acquisition of technology rather than a shared vision of
pedagogy for teachers. Without a shared vision, even if teachers have TPACK, they may
not be able or willing to use this knowledge to affect meaningful student outcomes (Law,
2008; Lawless & Pellegrino, 2007; Mueller, Wood, Willoughby, Ross, & Specht, 2008).
The successful introduction of technology into schools is a product of both human
resources and hardware availability (Lawson & Comber, 1999). To support the
magnitude of change that accompanies successful technology integration, leadership
literature advocates sharing leadership (Curry, 1992), building relationships and defining
the organizational vision (Bates, 2000; Wallin & Ryan, 1994). Leaders are encouraged to
work through concepts rather than structures (Wheatley, 1992) and empower
stakeholders to achieve the vision that creates a larger sense of the future (Covey, 2001).
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Digital age learning culture. Standard II charges school administrators to create
and promote a digital culture that is rigorous, relevant and engaging for all students, but
some leaders feel inadequately prepared to do so. Leonard and Leonard (2006) surveyed
214 site-based administrators in 149 schools across 12 school districts in North
Louisiana. The study examined the extent to which computer-related technology was
used from the perspective of administrators. Among the responses to a survey, 56% felt
adequately prepared to integrate technology into the school curriculum and 87% believed
they needed more training on being an effective instructional leader in integrating
technology. Gibson (2009) found educational leadership preparation programs had ill
prepared some administrators with the skills and confidence to lead technology
integration initiatives.
Excellence in professional practice. Standard III calls for the appropriate
allocation of time and resources for quality ongoing professional development. Quality
professional development increases teachers’ technology fluency and integration
techniques. Meyer and Xu (2009) studied technology at Research I institutions and
community colleges. Meyer and Xu found that providing professional development and
technology resources to the faculty systematically increased their self-efficacy.
Systematic improvement. Standard IV, consistent with Deal and Peterson (1993),
found the priorities of an organization influences professional development topics and
where funds and resources are applied. School administrators are key facilitators in
technology integration. A study by Merkley, Bozik, and Oakland (1997) claimed that
leadership promoting change is the missing factor when it comes to merging technology
and instruction. No matter how much training teachers receive to prepare them for
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technology integration, most do not successfully employ that training without input from
the principal (Awalt & Jolly, 1999; Maxwell, 1997; National Center for Education
Statistics, 2000; Sandholtz, Ringstaff, & Dwyer, 1997). For example, the United States
Department of Education provided millions of dollars to universities, K-12 schools, state
departments of education, and other educational agencies through an initiative known as
Preparing Tomorrow’s Teachers to Teach with Technology (PT3). PT3 was meant to
prepare preservice and inservice teachers to integrate technology in K-12 settings. In
most cases administrators, in general, supported PT3. In those cases, PT3 projects were
successful in both teacher education programs and local K-12 schools. In other cases,
administrators were barriers to a successful implementation of PT3. These schools
reported that overtime the PT3 project no longer aligned with their district’s goals (Hall,
Musanti, & Halquist, 2006; McMurray State University, 2004).
Lawson and Comber (1999) studied 51 schools and colleges participating in the
United Kingdom Education Departments’ Superhighways Initiative. The purpose of the
study was to explore non-technical factors that led to successful technology integration.
Schools that were successful in technology integration were compared with those who
were less successful. The results of the study showed that integration was accomplished
best where senior management was committed to the idea of technology integration and
willing to provide long-term resources and support.
Digital citizenship. Standard V describes the technology leader as one who
models and facilitates an understanding of social, ethical, and legal issues related to an
evolving digital culture. Organizational culture is a major contributor to sustaining new
initiatives in an organization. The absence of a supportive structure reduces the likelihood
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that technology integration initiatives or any initiative will be effective. Innovative
teachers can be overpowered by pressures to conform (Ponticell, 2003; Roehrig, Kruse,
& Kern, 2007).
Teachers are not free agents and their use of technology for teaching and learning
depends on the interlocking cultural, social, and organizational contexts in which they
live and work (Somekh, 2008). Maintaining membership in a group is important to
people in general and may be even more important to teachers, given the particularly
strong cultures that exist within schools (Ponticell, 2003; Roehrig et al., 2007; Somekh,
2008). Changes in beliefs about technology use tend to occur more readily among
teachers who are socialized by their peers to think differently about technology use.
Teachers come into professional development with a set of views about the content they
teach, the capabilities of their students, learning processes, pedagogical methods,
curriculum materials, technology, and inquiry (Davis, 2003; Little, 2003). Moreover,
professional development is most effective when guided by adult learning values as
noted. Learning activities should be careful to elicit teachers’ initial views related to
teaching and learning, and provide opportunities for teachers to add new ideas about
using technology to promote learning. When supporting teachers adding new ideas,
information is most compelling when it is tightly linked to classroom practice and
produce evidence of students’ learning (Davis, 1989; Bandura, 1997; Borko, 2009; Little,
2003). When new ideas are not connected to teachers’ existing knowledge and classroom
experiences, the new ideas are often isolated in the teachers’ minds and rapidly forgotten.
The augmentation of teachers’ beliefs and practices are notable goals for
professional development. Teachers need information about technology-enhanced
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pedagogical methods and ways to incorporate those methods into their existing curricula,
however, professional development efforts need not to be overly concerned with
convincing teachers that the new strategies will help their students learn, as most would
already agree. Not every teacher will accept technology as a viable tool for teaching and
learning. Even the most distinguished ideas when connected to teachers’ existing
knowledge and beliefs might be added to their repertoire but not used in classroom
practice for a number of reasons not necessarily related to the organizational culture or
the professional development approach used.
High-quality professional development models. Understanding how adults
learn in professional development sessions is considered a best practice for designing
pedagogically sound training for teachers (Wolf, 2006; McQuiggan, 2007). Adults learn
best when they are self-directed, build new knowledge upon preexisting knowledge, and
are aware of the relevance and personal significance of what they are learning (Bransford,
Brown, & Cocking, 2000; Knowles, Holton, & Swanson, 1998). One of the most
important outcomes of professional development is that of enhancing teachers’
pedagogical practice. Studies show that professional development enhances teachers’
beliefs of self-efficacy to integrate technology when an effective approach is employed
(Niederhauser & Perkmen, 2008; Overbaugh & Lu, 2008; Skoretz & Childress, 2013;
Wang, Ertmer & Newby, 2004). For example, Skoretz and Childress (2013) studied the
impact of a school-based professional development program on elementary and middle
school teachers’ self-efficacy in the context of technology integration. Participants posted
journal entries bi-weekly. Researchers analyzed the entries to detect differences in
efficacy levels between experimental and comparison groups. The differences between
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efficacies for the experimental and comparison group showed that an ineffective
professional development approach was used and acted as a barrier to teachers’ selfefficacy. Teachers cited limiting opportunities to collaborate with their peers and
compare their understandings with perspectives of others as deficiencies.
Integrating technology tools into the curriculum has become an important part of
effective teaching (Pierson, 2001). However, teachers’ professional development has
been described in some cases, inadequate (Ansell & Park, 2003, Lawless & Pellegrino,
2003; CEO Forum on Education and Technology, 1999; Technology Counts, 1997).
Teachers reported feeling ill-prepared to use technology in their teaching (Milken
Exchange, 1999; Willis & Mehlinger, 1996). At first this deficiency was attributed to
insufficient hours of professional development, so the number of hours was increased
(Fishman, Best, Marx, & Tal, 2001). Regrettably, what teachers learned did not increase
(Fishman et al., 2001). Cohen and Hill (2000) and Kenney (1998) found that many
professional learning activities are disconnected from teachers’ actual practice and the
school improvement goals with little or no attention to the needs of the adult learners
(Croft, Coggshall, Dolan, & Powers, 2010).
Adult learning values. Adult learning values can be emphasized through
professional learning activities, such modeling strategies, collaboration, and continuous
feedback (Hawley & Valli, 1999; Sandholtz, Ringstaff, & Dwyer, 1997; Vrasidas &
Glass, 2005). Williams, Coles, Wilson, Richardson, and Tuson (2000) provide evidence
that hands-on approaches, reflection, job-embedded support and the sharing of ideas
among participants are important elements when planning the implementation of
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professional development. Teachers are inspired by other teachers trying to change their
teaching in similar ways (Garet, Desimone, Birman, & Yoon, 2001).
A collaborative school culture promotes a variety of constructive learning
opportunities for teachers involving team-building and intense communication and
information sharing (Fullan, 1999). Burns (2002) found that sharing of experiences,
discussing of the use specific to instructional approaches within the classroom allow
teachers to experience professional development as enjoyable and useful. There are many
professional development approaches shown to positively affect technology integration
efforts. In this study I highlight three that can used to prepare and support teachers
integrating technology. Each approach applies the values of adult learning theory as
guiding principles of the design:


Mentoring and coaching



Design-based approach



Knowledge integration approach
Mentoring and coaching. Mentoring or coaching is a common approach for

teacher change (Cole, Simkins, & Penuel, 2002; Kariuki, Franklin, & Duran, 2001). Key
features include assistance provided in the context of a personal relationship and a focus
on the individual needs of the teacher (MacArthur & Pilato, 1995). Mentors or coaches
may include technology-savvy colleagues, graduate students in instructional technology,
and online or virtual mentors. Teachers build relationships with their mentor or coach,
and present increased opportunities to discuss views, values, and opinions with
colleagues, raising teachers’ awareness of new technology affordances. Participating
teachers become more comfortable with the technology and develop a greater proficiency
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in their technology use. Mentors and mentees benefit from this learning on how to best
provide collegial support over time.
Designed-based approach. A designed-based approach is used to help teachers
integrate technology effectively (Beckett et al., 2003; Cole et al., 2002; Keller & Suzuki,
2004; Yamagata-Lynch, 2003). An essential element of this approach is the inclusion of
opportunities for teachers to reflect on their learning and pedagogy as well sharing their
learning with peers. Teachers are provided the opportunity to learn how to use specific
technologies situated in the context of their curricular needs. As a result, teachers take
more ownership of the resources, have higher confidence integrating curriculum
resources and more likely to affect student achievement positively (Kubitskey, Fishman,
& Marx, 2003). These elements promote active engagement among teachers and help to
build communities of colleagues within and across school settings useful in sustaining
pedagogical changes long after the conclusion of the training.
Knowledge integration approach. A knowledge integration approach is a
constructivist view that emphasizes building on the repertoire of ideas held by the learner,
through the use of evidence, the learner incorporates new ideas into a coherent
understanding (Linn & Eylon, 2011). There are four main processes in this approach:
eliciting ideas, adding ideas, using evidence to distinguish among ideas, and reflecting
and integrating ideas (Sisk-Hilton, 2009). Teachers distinguish among new and existing
ideas by using evidence-based criteria to select ideas that most aptly explain their
successful teaching practices. Adding new ideas, without support to test and refine ideas
in a relevant context, is insufficient for changing one’s knowledge of the target domain
(Bransford, Brown, & Cocking, 1999).
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Using the knowledge integration approach, the goal is to introduce teachers to the
ideas students may learn and challenges students may encounter. Professional
development facilitators may use video recordings of classroom practice, ask teachers to
role-play a student using technology-enhanced curricula. Facilitators may elicit teachers’
existing ideas through predictions, critiques of practices, and brainstorming ideas. As
existing ideas surface, concepts of teaching practices can be inspected, analyzed,
potentially contradicted, and refined (Trautmann & MaKinster, 2010; Yerrick & Johnson,
2009). Teachers need time to collaborate with peers to discuss and refine lesson plans
(Brunvand & Fishman, 2006; Grossman, Wineburg, & Woolworth, 2001; Tosa & Martin,
2010). Through this approach teachers are in an ongoing cycle of refining and
reevaluating ideas. Teachers benefit from linking their prior knowledge about how
students responded to certain topics in their content area to new ideas about how students
respond studying the topic with the support of technology (Henze, van Driel, & Verloop,
2009).
Teachers’ beliefs. Issues of change and enhancement are central to most
professional development activities; therefore professional development can no longer be
based solely on enabling teacher competency with new technologies (Prestridge, 2014).
Change is a multidimensional variable, including both cognitive and affective
components (Schrader & Lawless, 2004). One of the greatest predictors of teachers’
technology use is their confidence to achieve their instructional goals using technology
(Wozney, Venkatesh, & Abrami, 2006). As previously stated, the emergence of a new
technology requires rethinking its acceptance for teaching and learning mathematics,
rethinking the content and the pedagogies, as well, and some aspects of what is learned
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about teaching a particular topic, specifically topics in mathematics with one technology
may prove to be a disposition toward acceptance or resistance of another technology
(Niess et al., 2009).
Self-efficacy. Marzano and Haystead (2010) reported the percentage of time the
IWB is used during classroom instruction significantly correlated to teacher’s selfreported confidence. As teacher confidence increases, IWBs will have a greater impact on
teachers’ pedagogy (Miller, Glover, & Averis, 2004). Teachers need time to develop and
practice their IWB skills and materials (Miller et al., 2004; Miller, Glover, & Averis,
2005; Schuck & Kearney, 2007; Shenton & Pagett, 2007; Wood & Ashefield, 2008).
Professional development that positively affects technology use should move from upskilling in the latest software or technological application, to enabling teachers to engage
with their hearts and minds (Watson, 2001). Increasing research (Niederhauser &
Perkmen, 2008; Overbaugh & Lu, 2008; Skoretz & Childress, 2013; Wang, Ertmer &
Newby, 2004) points toward a new lens on professional development for technology
integration that focuses on pedagogy through teacher analysis of beliefs and teaching
practices, which is likely to increase levels of self-efficacy.
Expectancy-value. A critical motivation for teachers to use IWBs or any other
technology is guided by expectancy-value. The technology is assessed for userfriendliness and what observable results can be gained from its use. There are two
sources of self-efficacy that might interact with teacher’s acceptance of technology: (a)
performance accomplishment and (b) vicarious experience. These motivations are
commonly known as the technology acceptance model (TAM). The model purports that

23

perceived usefulness and ease of use are highly correlated with technology acceptance
and is accessible through performance accomplishments or vicarious experiences.
Performance accomplishments are the most effective sources of teacher’s selfefficacy (Tschannen-Moran & Hoy, 2007). Teachers are reluctant to incorporate many
technology tools until they perceive it as essential to classroom practice (Lawless &
Pellegrino, 2007; Mueller et al., 2008). Teachers’ beliefs are strongly connected to how
and why they employ certain teaching practices (Kagan, 1992; Nespor, 1987; Pajares,
1992). If a teacher has been successful using technology in the past they will probably
believe they will be successful using technology in the future and vice-versa. If a teacher
has not been successful using technology in the past they will likely not believe they will
be successful using technology in the future.
Vicarious experiences involve teachers observing teachers like themselves
perform tasks. Research suggests that vicarious experiences, especially observing
successful others, can not only provide how-to information, but also increase teachers’
confidence for performing successfully (Ertmer, 2005; Schunk, 2000). A teacher
observing another teacher using technology is likely to make judgments about their own
capabilities. As teachers see other teachers accomplish a task, this experience can have a
strong influence on self-efficacy. Locating high-quality models to expose teachers can be
difficult. Understanding this difficulty, researchers have suggested presenting models
using media, such as video or web-based tools (Albion, 2003; Brush & Saye, 2009;
Ertmer, 2005; Ertmer et al., 2003).
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Tier 3: IWB Pedagogical Strategies and Technological Affordances
Tier 3 of the conceptual framework is used to conceptualize how teachers might
exemplify I-TPACK in mathematics. In this section, I describe IWB strategies and
methods that can be used for teaching and learning mathematics. Recent studies (Lawless
& Pellegrino, 2007; Project Tomorrow, 2011; Marzano & Haystead, 2010; National
Research Council, 2012; Partnership for 21st Century Skills, 2011), suggest that some
strategies are more powerful than others when paired with the large-screen display, and
touch interactive affordances of the IWB. The strategies observed in this study included
active learning strategies such as gaming, and collaboration (Vasant, 2012) and
instructional practices such as, and clarity of content, student response rates, pacing,
scaffolding, monitoring student progress, and chunking (Marzano & Haystead, 2010).
Pedagogical strategies. Among the most widely documented benefits of using
IWBs is active learning (McQuillan, Northcote, & Beamish, 2012, Wang & Eccles, 2013,
Whitby, Leininger, & Grillo, 2012; Barak & Asad, 2012). According to Vasant (2010)
active learning engages students in doing and thinking, guided by the two basic
strategies: (a) gaming and (b) collaboration. Each effectively attends to four domains of
learner-centered principles (American Psychological Association, 1997):


Cognitive and metacognitive factors (i.e. learning goals and context, strategic
thinking, and metacognition)



Motivation and affective factors (i.e. motivational and emotional connection to
learning)



Developmental and social factors (i.e. social and developmental impact on
learning)
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Individual difference factors (i.e. learning and diversity, standards, and
assessments)

With these principles underpinning active learning strategies, the IWB is a powerful tool
for guiding students towards mathematical proficiency.
Gaming. Prensky (2003) coined the phrase “Digital Game-Based Learning,”
noting how students enjoy IWB media features like game-based learning. Game-based
learning has been shown to increase student motivation and academic performance
(Kuan-Cheng, Yu Che, & Hung, 2012). The motivation games provide can be combined
with curriculum goals and content (Prensky, 2003). Also, games foster the development
of critical thinking and problem-solving skills helping students: (a) activate prior
knowledge; (b) obtain immediate feedback and assessment of their progress; (c) transfer
knowledge; (d) naturally experiment; and (e) engage in social environments with
communities of practice around the game (McFarlane, Sparrowhawk, & Heald, 2002;
Oblinger, 2004). For example, multimedia simulations like virtual realities and modeling,
delivered with the support of IWBs, can help teachers lead students through the process
of internalizing knowledge and improving students’ understanding of abstract concepts
like those in mathematics such as geometry and algebra (Lopez, 2010). For example,
geometry has its origins in the calculation of distances and areas in the real world;
algebra started with methods of solving problems using arithmetic (Bajnok, 2013).
The motivation games provide can enhance traditional teaching strategies
(Prensky, 2003). Hwang, Yang, and Wang (2013) used an experimental design to
evaluate two groups of Taiwanese students using a game-based learning approach to
guide a butterfly ecology lesson. The treatment group used the game-based learning
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approach with a traditional embedded concept map. The control group had no concept
map. When the traditional concept map was paired with a game-based learning
environment, the cognitive load of the treatment group was significantly reduced. The
treatment group outperformed the control group. Similarly, Bai, Pan, Hirumi, and
Kebritchi (2012) studied the effectiveness of a three-dimensional game-based learning
approach with 437, Eighth grade students. The results showed algebraic reasoning
increased and students reported an increased motivation to learn.
Collaboration. Collaborative learning contributes to students’ academic success
(Dogru, 2013). All four learner-centered principles are emphasized through collaboration.
Glover, Miller, Averis, and Door (2005) pointed out that IWBs increase interaction
between teachers and students, and students and their peers. Students enjoy being
connected to their peers (Miller & Slocombe, 2012). Collaboration can take the form of
discussion, feedback, or assessment for learning. In whole-group settings, students can
attain knowledge by participating and sharing ideas. Students’ understanding of content
deepens and peer relationships are strengthened (Robinson, 2013). Learning activities are
often global, interdisciplinary, and integrated (Bransford, Brown, & Cocking 2000;
Cornelius-White & Harbaugh, 2009; McCombs & Whisler, 1997; Reigeluth, 1994).
Students are encouraged to work collaboratively with others, to solve problems, and to
create new knowledge rather than just recall or restate knowledge.
Assessment for learning. Generally, learner-centered teachers assess students
differently not just to generate grades but also to promote learning and monitor individual
students’ progress continually. They use a variety of resources to keep students engaged,
providing immediate feedback to students’ learning and illustrating concepts and
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activities with clear and visual approaches (Hennessy et al., 2007). One affordance of the
IWB is the ability to catalyze real-time progress monitoring. Feedback is communicated
digitally by a peer or teacher using instant messaging features or through embedded
tracking and reporting software (i.e. classroom response systems, Kahoot!
https://kahoot.it/#/ etc.). Van der Kleij, Eggen, Timmers, and Veldkamp (2012)
conducted a study that showed students benefited more when the student received
immediate computer-based feedback. The computer-based feedback generated more
positive attitudes among students than traditional paper-pencil reporting. Kim and Ryu
(2013) found students who participated in web-based formative peer assessment achieved
higher scores on metacognitive awareness than traditional pencil-paper peer assessed
groups.
Teachers can interact with IWB tools to track and report on how students are
performing on learning goals. These data guide the teacher on skills that may need to be
reinforced with students. Collaboration stimulates student reflection, on their growth as
learners, and help them develop self and peer assessment skills. Students can set personal
learning goals and monitor their learning. As students monitor their learning in real-time,
ownership of their learning is encouraged. What students assess of themselves is
congruent with their personal learning goals. While the research literature on teachers’
use of collaboration and game-based learning is motivating and educationally effective,
there is very little evidence to suggest teachers make use of these strategies (Klawe,
1999; Papastergiou, 2009; Rosas et al., 2003; & Virvou, Katsionis, & Manos, 2005).
Marzano and Haystead (2010) studied 73 IWB classrooms, using a pretestposttest design to detect instructional practices that might interact with IWB pedagogical
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change. There were 1,716 students in the treatment group and 1,622 students in the
control group. In the treatment group, teachers used the IWB to enhance their
instructional strategies. In the control group, teachers facilitated instruction without the
use of the IWB, using strategies and materials only. The pretest scores were used as a
covariate to statistically equate the students and partially control for differing levels of
background knowledge and skill. There were 14 of the 17 instructional strategies that had
effect sizes greater than .30. Of those 14 strategies, 6 exhibited effect sizes greater than
.60, which suggest that substantial increases in student achievement would be predicted
with improvements in teacher behavior with respect to clarity of content, student
response rates, pacing, scaffolding, monitoring student progress, and chunking. On
average, the use of IWB represented a gain of 17 percentile points over what would be
expected if teachers did not use the IWB (see Table 1).
Table 1
Marzano IWB Study: Average Percentile Gains in Students Achievement
Instructional Practices with IWB Support
Clarity of content
Student response rates
Pacing
Scaffolding
Monitoring student progress
Chunking

Percentile Gain
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Clarity of content. Clarity of content involves the teacher designing flipcharts so
that important content is made clear. High scores on clarity of content were manifest as
the teacher keeping each flipchart free of distracting content and images or the teacher
using highlighting features to mark the critical versus peripheral content. Teachers draw
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attention to specific parts of a lesson using features like highlighting, underlining, and
accessing hyperlinks and buttons from the board (Promethean, 2014; SMART, 2014).
Among students with disabilities, Whitby, Leininger, & Grillo (2012) found that using
the IWB to project visuals and sound engaged students during for longer periods of time,
and therefore more effective than instruction without the support of the IWB visual
features.
Student response rates. Student response rates are the extent to which students
respond to direct queries from the teacher. High scores on student response rates were
manifest as multiple students responding to teacher questions. The teacher frequently
throughout a class period elicits student responses.
Pacing. Pacing of content is the speed with which the teacher guides students
through new information. High scores on pacing were manifest as the teacher slowing
down or speeding up a presentation in reaction to students’ needs and engagement levels.
Chunking. Chunking refers to organizing new content in small segments. High
scores on chunking were manifested by teachers presenting content in “digestible bites”
and then stopping so that students can process the content.
Scaffolding. Scaffolding refers to the extent that “chunks” of information are
presented in a way that one leads to another. High scores on scaffolding were manifest as
content being organized in a clear logical progression.
Monitoring student progress. Monitoring students’ progress refers to the teacher
systematically identifying the students’ level of understanding of the content. High scores
monitoring student progress were manifest as the teacher informally or formally
assessing students and using the results to alter instruction.
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Non-linguistic representations. In this study, I examined each of the six
strategies having a large effect sizes to measure teachers’ PCK, as well as one additional
strategy not having a large effect size, non-linguistic representations (Marzano, 2010).
Non-linguistic representations refer to use of the IWB to present content in ways that do
not employ language. High scores on non-linguistic representation were indicated by use
of pictures, pictographs, graphic organizers and the like to present new information. The
effect size was small at .30, but cited often in IWB literature as a prominent affordance.
Marzano explained that the use non-linguistic representation is a high-yield strategy even
without the support of technology, to the extent that its use with the IWB is likely not that
much different in terms of student achievement gains. On average students are likely to
gain 27 percentile points through the use of non-linguistic representations without
technology and a possible average of 13 additional percentile points with the support of
the IWB.
Technological affordances. Each technology device offers its own set of features
and affordances that transform pedagogy. Therefore examining TPACK with a single
device was necessary. I-TK affordances explored in this study include:


Annotations – use of pen tools (Türel & Demirli, 2010).



Hyperlinked text – opportunities within the content to escape to supporting
content (Bell, 2002).



Screen capture – capture of annotation and images displayed on the screen for
later use during instruction (Beauchamp & Parkinson, 2005).



Real-time sharing of information beyond the classroom – virtual conference, blog
posts or chats (Bell, 2002).
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Maximized spontaneous teacher moments – teacher makes unplanned transitions
using the IWB based on reaction to students’ needs and engagement levels (Levy,
2002; Smith, Higgans, Wall, & Miller 2005).
Stages of I-TPACK. Miller and Glover (2005) proposed three stages of IWB use,

which were conceptualized as stages of I-TPACK in this study: (a) supported didactic, (b)
interactive, and (c) enhanced interactivity. To illustrate the stages of I-TPACK in the
context of mathematics, certain themes, descriptors, and levels of M-TPACK were
retained while others were omitted because the M-TPACK model was not designed
specifically for evaluating the use of IWBs.
Supported didactic (Stage 1). Supported didactic is the first stage of I-TPACK.
This approach was characterized by the teacher making some use of the IWB but only as
a visual support to the lesson and not as an integral strategy for conceptual development.
This stage is usually teacher-centered (i.e. lecture, Word document projection with no
interactivity etc.). The focus of the room follows a traditional approach with minimal
student input except in response to teacher questioning or when following written tasks.
Teachers traditionally use PowerPoint, or a similar program. The IWB is used as a
novelty in the lesson, rather than a pedagogic tool to develop concepts.
At the supported didactic stage: (a) teaching, (b) learning, and (c) access themes
of M-TPACK may be observed at the recognizing and accepting levels. The key
descriptors and examples used to illustrate the supported didactic stage in this study
include the following:
Teaching (Instruction/Environment descriptors and/or mathematics examples):
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Does not use the IWB to develop mathematical concepts (e.g. IWBs if used in
class, is used for mental or rote activities).



Uses IWB enhanced activities not for mathematics topics that require advanced
skills.



Tightly manages and orchestrates instruction using the IWB.

Access (Usage Indicators/Availability descriptors and/or mathematics examples):


Permits students to use the IWB only after mastering certain concepts.



Students use the IWB in limited ways during the instruction period (e.g. student
activities with the IWB are limited to tightly controlled situations, non-important
learning situations

Learning (Conception of student thinking descriptors and/or mathematics examples):


Mathematical exploration with technology rarely seen.



More apt to accept the IWB as a teaching tool rather than a learning tool.



Limits students’ IWB use, particularly during the introduction and development
of key topics.
In summary, teachers that exemplify I-TPACK at the supported didactic stage will

likely not use the IWB to introduce key topics and will provide little or no opportunities
to engage students in an exploration of a mathematics concept. If the IWB is used, it will
be use as visual support only after mastery of the concept, or in limited ways during
instruction, in tightly controlled situations.
Interactive (Stage 2). Interactive is the second stage of I-TPACK. At the
interactive stage, IWBs are used to incorporate elements of the lesson that challenge
students to think, by using visuals and tactile modalities during instruction (i.e.
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highlighting, annotating, using multimedia, editing, student monitoring). This approach
marks progression from the supported didactic stage. At the interactive stage teachers
become conversant with the technology, marked by a tendency to further explore the
affordances of the IWB like using the IWB as a focal point of student attention,
illustrating, developing, and testing discrete concepts. Teachers encourage students to
learn from each other. There are times when the teacher makes use of traditional
approaches to ensure lesson concept and cognitive development (i.e. chunking, pacing,
scaffolding etc.). There is occasionally a lack of confidence in the technology or its
teaching power. The IWB is no longer a novelty to the students, and is integrated into
teaching and learning; however its full potential is not realized. There appears to be
greater sharing and enthusiasm for development where there is a colleague support.
At the interactive stage (a) teaching, (b) learning, and (c) access are themes of MTPACK may be observed at the adapting and exploring levels. The key descriptors and
examples used to illustrate the interactive stage in this study include:
Teaching (Instruction/Environment descriptor and/or mathematics examples):


Uses the IWB to enhance or reinforce mathematics previously learned (e.g.
reinforce teacher-taught lesson).



IWB lessons are tailored to the students’ needs.



Instructional activities are primarily deductive, and teacher-directed in order to
maintain control of how the activity progresses.



Engages students in high-level thinking activities using the IWB as a learning
tool.
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The teacher incorporates a variety of technologies for numerous topics (i.e.
calculators, computers, tablets etc.).

Access (Usage Indicators/Availability descriptors and/or mathematics examples):


Permits students to use the IWB in specifically designed units (e.g. usually with
teacher demonstrations).



Creates methods for IWB management issues.



Key topics are explored, applied, and assessed, incorporating multiple
representations of mathematical concepts and their connections.

Learning (Conception of student thinking descriptors and/or mathematics examples):


Explore, experiment, and practice integrating the IWB as a learning tool in
mathematics.



Uses the IWB as a tool to facilitate the learning of specific topics in the
mathematics curriculum.



IWB activities are implemented and evaluated with respect to student learning of
mathematics and student attitudes toward mathematics.
In summary, teachers that exemplify I-TPACK at the interactive stage will likely

use the IWB to engage students in learning, attend to their instructional needs, and allow
for exploration. Key shifts in this stage include a variety of the IWB strategies and
technological affordances. At times, parts of the lesson using the IWB may be teacherdirected, but is not the primary mode of instructional delivery. Students are afforded the
opportunity to engage in high-level thinking activities. The teacher may evidence
intentional, planned methods for managing the use of the IWB during instruction (e.g.
rules, procedures etc.)
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Enhanced interactivity (Stage 3). The height of I-TPACK rests in enhanced
interactivity. At this stage teachers’ pedagogical approach changes as the IWB is used as
an integral, majority, part of teaching and learning to integrate concepts, and is generally
student-centered (i.e. broadcasting, digital storytelling, animating, snapshots etc.). This
approach is a progression from the previous stage marked by a change of thinking on the
part of the teacher who seeks to use the technology as an integral part of most teaching in
most lessons and who looks to integrate concept and cognitive development in a way that
exploits the interactive capacity of the technology. As a result teachers are aware of the
techniques that are available, are fluent in their use and structure the lesson so that there
is considerable opportunity for students to respond to IWB stimuli either as individuals,
pairs or groups, with enhanced active learning. The IWB is used as a means of prompting
discussion, explaining processes, developing hypotheses or structures and then testing
these by varied application.
Enhanced interactivity is also marked by considerable teacher-student
interchange. Teachers show considerable enhanced understanding of the learning process,
talk about the ways that technology can support learning, and show ingenuity in
developing materials to meet specific learning needs with much more evident
differentiation of task for students, often focused on the board. Teachers are aware of the
contribution made by the IWB to learning modalities like student movement and an
increased use of pair and group work. The data on the board is used to actively link
students’ verbal and visual modalities to spatial changes that impact learning.

36

At the enhanced interactivity stage: (a) teaching, (b) learning, and (c) access
themes of M-TPACK may be observed at the advancing level. The key descriptors and
examples used to illustrate the enhanced interactivity stage in this study include:
Teaching (Instructional/Environment descriptor and/or mathematics examples):


Active, consistent acceptance of the IWB as a tool for learning and teaching
mathematics in ways that accurately translate mathematical concepts and
processes into forms understandable by students (e.g. teacher uses the IWB to
help students learn mathematics).



Adapts from a breadth of instructional strategies (including both deductive and
inductive strategies) with technologies inclusive of the IWB to engage students in
thinking about the mathematics (e.g. the teacher helps students move fluently
while using the IWB along with other technologies, while demonstrating a focus
on the joy of deeply understanding mathematical topics.



Manages IWB enhanced activities in ways that maintains student engagement and
self-direction in learning mathematics.



Engages teachers in the district in evaluating and revisiting the mathematics
curriculum to more seamlessly integrate technology throughout the grades,
adjusting the curriculum for a 21st Century mathematics curriculum with
appropriate technologies.

Access (Usage Indicators/Availability descriptors and/or mathematics examples):


Permits students to use IWBs along with other technologies in specifically
designed mathematics units (e.g. usually with teacher demonstrations)



Creates methods for IWB management issues.
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Key mathematics topics are explored, applied, and assessed incorporating
multiple representations of the concepts and their connections.

Learning (Conception of student thinking descriptors and/or mathematics examples):


Plans, implements, and reflects on teaching and learning with concern and
personal conviction for student thinking and understanding of the mathematics to
be enhanced through the integration of various technologies.



Use of the IWB in integral (rather than in addition) to development of the
mathematics students are learning (e.g. engages students in high-level things
activities such as project-based, problem solving ,and decision making activities;
technology is used to develop advanced levels of understanding of mathematical
concepts for learning mathematics using the technology as a learning tool).
In summary, teachers that exemplify I-TPACK at the enhanced interactivity stage

will likely actively and consistently use the IWB to engage students in advanced levels of
learning, through project-based learning. Technology in an integral part of the
mathematics instruction not used as an additional. The key shift at this stage is teachers’
thinking. This teacher will often engage others in dialogue and the evaluation of a variety
of technological tools each with the intent of providing students a dynamic learning
environment with joy, challenging students to master difficult mathematical content.
Teachers at this stage use IWBs to develop deep understanding of mathematical topics.
With the support of IWBs, mathematics teachers can provide students instruction
that is motivating and educationally effective (Darling-Hammond, 2010; DarlingHammond, Wilhoit, & Pittenger, 2014; Flores, 2007; Klawe, 1999; Papastergiou, 2009;
Rosas et al., 2003; Virvou et al., 2005). To this point, no studies to my knowledge have
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examined: (a) Niess et al. (2009) M-TPACK framework, (b) Miller and Glover (2005)
stages of IWB use, and (c) to better understand the complexities of developing
mathematics teachers’ I-TPACK in mathematics. Ertmer (1999) first-order and secondorder barriers to technology integration provided the real-world context needed to
understand the complexities of using the IWB effectively, Miller and Glover (2005) and
M-TPACK (Niess et al., 2009) insight on what strategies and methods can be used to
help mathematics teachers exemplify I-TPACK.
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CHAPTER III
METHOD
Research Design
Technology integration is like a moving target and research designs must be
flexible to capture its dynamic nature (Graham, 2011). Guided by Lincoln and Guba
(2000) and Neuman (2004), I used an interpretive lens as I documented teachers’
experiences, barriers, beliefs, and support needs, to better understand how teachers
exemplified I-TPACK in secondary mathematics courses. I chose an embedded multiple
case design over a single case study design for two reasons (a) the ability to analyze ITPACK in mathematics within a single case, and (b) the ability to analyze I-TPACK in
mathematics across multiple cases within a single study. Each teacher was considered a
case. The similarities and differences across each case were frequently compared
throughout the study (Yin, 2003).
Case study research is useful when considering how and why research questions
(Yin, 2003). According to Yin (2003), a case study design has two advantages. It allows
me to analyze the relationships between technology integration barriers and I-TPACK
within a single case and across multiple cases, meaning patterns and relationships were
explored teacher by teacher and then each teacher is compared to all teachers
participating in the study. Patterns and meanings were examined from the teachers’ point
of view and compared to the conceptualized relationships in the conceptual framework.
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Data were collected through interviews, observations, and the collection of relevant
documents to answer the research questions.
Research Questions
1. How do secondary mathematics teachers in one school district exemplify ITPACK?
2. What first-order and second-order barriers to technology integration exist in one
school district?
3. How might first-order and second-order barriers to technology integration affect
how secondary mathematics teachers use I-TPACK in one school district?
4. What support needs remain to be addressed to effectively promote and develop
secondary mathematics teachers’ I-TPACK beyond supported didactic in one
school district?
Procedure
The following procedures were used to conduct this study:
1. Obtained IRB approval to conduct research.
2. Identified teachers for participation.
3. Provided participants the IRB approved letter of consent.
4. Conducted extended initial interview using an electronic survey, followed by
several brief conversational interviews.
5. Scheduled three lesson observations with teachers.
6. Thanked teachers and principals for their participation in the study.
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Human Subject Safeguards
I obtained University Institutional Review Board (IRB) approval to conduct
research in Posy County (see Appendix B). A consent form was provided to each teacher
participant (see Appendix C). The form fully described the nature of the study and their
rights as a participant. To maintain the confidentiality of the teachers, pseudonyms were
used for teachers’ names and schools. Teacher information was kept under lock and key
in a secure location only accessible to the researchers assigned to this study (Berg, 2007).
To encourage truthful answers, I explained to the respondents the importance of their
contribution to the research. Safeguards were embedded with the instructions and the
mode of administration. Teachers responded to weightier interview topics privately using
a personal identification code in the electronic survey to reduce evaluative concerns.
Respondents were informed that their responses would remain confidential.
Participant Background
In this study, I used purposive sampling to gain knowledge from secondary
mathematics teachers that had access to an operational IWB. Seven secondary
mathematics teachers were selected to participate in this study (see Table 2).
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Table 2
Participants Profile
Pseudonym

School

Subject Taught Grade
Level

Years of Years Employed
Teaching in Posy County
Experience
0-5
1-3

Tammy

Buster

Mathematics

6

Bailey

Ruston

Calculus

11-12

0-5

1-3

Deanna

Ruston

Algebra II
Geometry
Algebra III

10-12

> 10

<1

Latoya

Ruston

Geometry

10-11

0-5

1-3

Wilma

Upton

Mathematics

7-8

>10

>10

Julia

Thompson

Algebra I

9

6-10

1-3

Libby

Thompson

Calculus

11-12

6-10

1-3

Considering the research questions in my study I used an expert purposive
sampling method (Hutchison, Johnston, & Breckon, 2010). According to Hutchison,
Johnston, & Breckon (2010), sampling decisions in qualitative research are functions of
the research questions. Berg (2007) defined purposeful sampling as a method for
selecting participants with an idea or aim kept in mind based on the knowledge or
expertise of the researcher. To select participants, the principals and I first determined
which mathematics teachers had working IWBs. There were a number of IWBs that were
awaiting parts, repairs, or replacement. This reduced the number of possible participants
by about 75%. Next the principals and I narrowed the number of possible participants
based on which teachers would likely devote the time needed to complete the research
43

procedures and exemplified some level of expertise as perceived by the principal. Thus
likely to be knowledgeable users compared to limited users. Using these criteria, eight
secondary mathematics teachers were asked to participate in this study. I visited each of
them face-to-face at their schools to ask for their participation. Of the eight teachers
visited, seven agreed to participate. I followed up the visit with an email that included the
consent form.
Posy County School District
This study took place in Posy County School District. Posy is a school district
spanning approximately 625 square miles. Posy has 10 campuses that serve 6,278
students in seven communities. There are two K-8 schools, one 6-12 alternative school,
three elementary schools, two middle schools and two high schools. There are about
400 certified employees on staff. Posy has an annual operating budget of $62 million.
At the time of this study, Posy received Title I funds for three schools, Upton, Ruston,
and Buster. Title I funds are intended to serve children who are failing, or most at risk of
failing, to meet state academic standards. Schools enrolling at least 40% of children from
low-income families are eligible to use Title I funds for school-wide programs to upgrade
educational programs to improve achievement for all students, particularly the lowestachieving students.
In 2014, Posy was rated a C school district, considered successful according to the
state accountability standards (see Table 3). Posy received 160 quality points. Quality
points are based on the state accountability model. The model emphasizes student
growth, particularly the lowest performing 25% of students. Schools are awarded points
for students that meet growth if their scores improve from one proficiency level to the
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next, or move sufficiently within the lower proficiency levels. Schools are also awarded
points based on graduation rates. Schools and school districts are assigned a letter grade
A, B, C, D, and F aligned to state and federal reporting requirements.
Table 3
State Accountability Labels
Grade
A

Quality Points
200-300

Performance Label
High Performing/Star

B

166 – 199

Successful/High Performing

C

133 – 165

Academic Watch/Successful

D

100 – 132

At Risk of Failing/Academic Watch

F

0 - 99

Failing/Low Performing

At the time of this study, 19 other districts in the state earned A’s, 43 earned B’s,
48 earned C’s, 39 earned D’s and one earned an F. The state in which the Posy County
School district is situated suggests three secondary course sequences in mathematics.
Posy selected Options 2 and 3 (see Appendix D). Beginning in the seventh grade,
students are given course sequence options based on their academic progress, teacher
recommendation, and parental consent.

45

Posy offered the following grades 6-12 mathematics courses:
•

CCSS Mathematics Grade 6

•

CCSS Mathematics Grade 7

•

CCSS Compacted Mathematics Grade 7

•

CCSS Mathematics Grade 8

•

CCSS Compacted Mathematics Grade 8

•

CCSS Algebra I

•

CCSS Geometry

•

CCSS Algebra II

•

Algebra III
CCSS Mathematics Grade 6. In CCSS Grade 6 Mathematics, instruction is

focused on four critical areas: (a) connecting ratio and rate to whole number
multiplication and division and using concepts of ratio and rate to solve problems; (b)
completing understanding of division of fractions and extending the notion of number to
the system of rational numbers, which includes negative numbers; (c) writing,
interpreting, and using expressions and equations; and (d) developing understanding of
statistical thinking.
CCSS Mathematics Grade 7. In CCSS Grade 7 Mathematics, instruction is
focused on four critical areas: (a) developing understanding of and applying proportional
relationships; (b) developing understanding of operations with rational numbers and
working with expressions and linear equations; (c) solving problems involving scale
drawings and informal geometric constructions, and working with two- and three-
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dimensional shapes to solve problems involving area, surface area, and volume; and (d)
drawing inferences about populations based on samples.
CCSS Mathematics Grade 8. CCSS Grade 8 Mathematics is considered a highschool credit-bearing course. CCSS 8 is focused on three critical areas: (a) formulating
and reasoning about expressions and equations, including modeling an association in
bivariate data with a linear equation, and solving linear equations and systems of linear
equations; (b) grasping the concept of a function and using functions to describe
quantitative relationships; and (c) analyzing two- and three-dimensional space and figures
using distance, angle, similarity, and congruence, and understanding and applying the
Pythagorean Theorem.
CCSS Compacted Mathematics Grade 7. In CCSS Compacted Grade 7
Mathematics, instruction is focused on three critical areas from Grade 8: (a) formulating
and reasoning about expressions and equations, including modeling an association in
bivariate data with a linear equation, and solving linear equations and systems of linear
equations; (b) grasping the concept of a function and using functions to describe
quantitative relationships; (c) analyzing two and three-dimensional space and figures
using distance, angle, similarity, and congruence, and understanding and applying the
Pythagorean Theorem.
CCSS Compacted Mathematics Grade 8. CCSS Compacted Grade 8
Mathematics (with Algebra I) is a one-credit course. Instruction is focused on three
critical areas from Grade 8: (a) formulating and reasoning about expressions and
equations, including modeling an association in bivariate data with a linear equation, and
solving linear equations and systems of linear equations; (b) grasping the concept of a
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function and using functions to describe quantitative relationships; and (c) analyzing twoand three-dimensional space and figures using distance, angle, similarity, and
congruence, and understanding and applying the Pythagorean Theorem.
Algebra I. Algebra I is a one-credit course. Algebra I is the only mathematics
course that requires students pass a high-stakes end of course test as a requirement for
high-school graduation at the time of this study. The fundamental purpose is to formalize
and extend the that students learned in the middle grades. Instruction is focused on five
critical areas: (a) analyze and explain the process of solving equations and inequalities:
(b) learn function notation and develop the concepts of domain and range; (c) use
regression techniques; (d) create quadratic and exponential expressions; and (5) select
from among these functions to model phenomena.
Geometry. Geometry is a one-credit course. The fundamental purpose of the
course is to formalize and extend students’ geometric experiences from the middle
grades. Instruction is focused on six critical areas: (a) building a thorough understanding
of translations, reflections, and rotations; (b) developing the understanding of similarity
and several theorems; (c) extension of formulas for b-dimensional and c-dimensional
objects (d) extension of 8th grade geometric concepts of lines; (5) prove basic theorems
about circles; and (6) work with experimental and theoretical probability.
Algebra II. In Algebra II is a one-credit course. Students build on their work with
linear, quadratic, and exponential functions, to extend their repertoire of functions to
include polynomial, rational, and radical functions. Students work closely with the
expressions that define the functions, and continue to expand and hone their abilities to
model situations and to solve equations, including solving quadratic equations over the
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set of complex numbers and solving exponential equations using the properties of
logarithms. Instruction is focused on four critical areas: (a) working extensively with
polynomial operations; (b) building connections between geometry and trigonometric
ratios; (c) understanding of a variety of function families; and (d) explore statistical data.
Algebra III. Algebra III is a one-credit course that includes previous state
standards for Pre-Calculus and the Common Core State Standards for . Topics of study
include sequences and series, functions, and higher order polynomials. Topics are
addressed from a numeric, graphical, and analytical perspective. Technology is to be used
to enhance presentation and understanding of concepts. Teachers are encouraged to
provide opportunities for students to work together collaboratively and cooperatively as
they solve routine and non-routine problems. Communication strategies include reading,
writing, speaking, and critical listening as students present and evaluate mathematical
arguments, proofs, and explanations about their reasoning. Algebra III is typically taken
by students who have successfully completed Algebra II and Geometry.
AP Calculus AB. Students taking this course have exemplified mastery of
material from courses that are the equivalent of four full years of high school before
attempting calculus. These courses include the study of algebra, geometry, coordinate
geometry, and trigonometry, with the fourth year of study including advanced topics in
algebra, trigonometry, analytic geometry, and elementary functions. Schools may choose
a variety of ways to accomplish these studies including beginning the study of high
school in grade 8; encouraging the election of more than one course in Grade 9, 10, or 11;
or instituting a program of summer study or guided independent study.
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Posy Schools
The schools in this study include Buster Middle School, Upton Middle School,
Thompson High School, and Ruston High School. Combined these schools serve about
60% of the student population in Grades 6-12, from six communities.
Buster Middle School. Buster Middle School is a K-8, Title I school that served
162 middle school students. Of the students, 99% were Blacks and 1% Whites. The
middle school students share a campus with elementary school students. The gymnasium
and cafeteria serve as borders between Grades 7-8 and Grade 6 classrooms. The sixth
graders share a hall with the fifth grade. The principal has served at Buster for two years
as assistant principal and later promoted to principal having served in this capacity for
two years. At the time of this study, Buster Middle was rated a C level school, having
improved upon the past three years rated as an F school. Buster middle has two teachers.
One teacher teaches the all sixth grade classes and one section of seventh grade. The
other teaches the two sections of seventh grade including Compacted seventh and all
eighth grade classes including Compacted eighth grade mathematics.
Upton Middle School. Upton Middle School is a Title I school that served 137
middle school students. Of the students 88%, were Blacks, 9% Whites and 3% Hispanics.
The middle school students share a campus with the elementary students. The
gymnasium and cafeteria serve as borders between the elementary classrooms and Grades
6-8 classrooms. The principal has served at Upton Middle for 5 years in this capacity. At
the time of this study, Upton Middle was rated a C level school. Upton middle school has
two teachers. One teaches only sixth grade and the other seventh, eighth and Compacted
Grade 7 and 8 mathematics.
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Thompson High School. Thompson High School is a 9-12 school. Of the
students 76% were Blacks, 22% Whites and 2% Hispanic. Thompson is not a Title 1
school. Thompson High School served 1,275 high school students. The campus has a
separate building for ninth grade students. The principal at Thompson High had served in
this capacity for six months. At the time of this study, Thompson High had a C rating.
This rating has held steady for the past 5 years. The high school has 10 mathematics
teachers, 6 for Algebra I, and 2 for Geometry. Two teachers have multiple preps. One
teaches Geometry and Algebra II, and one teaches Pre-Calculus, Calculus and AP
Calculus.
Ruston High School. Ruston High School is a Title I, 9-12 school. Ruston High
School served 581 high school students. Of the students, 86% were Blacks and 14%
Whites. The principal at Ruston High has been in this position for 6 months. At the time
of this study, Ruston Middle was rated a C level school. This rating has held steady for
the past 2 years. Ruston High is the feeder high school for both Upton and Buster Middle
School. The high school has five teachers. One teaches only Algebra 1. Three teachers
have multiple preps. One has Algebra I and Geometry. One teaches Geometry, Algebra
II, and Pre-Calculus. One teaches Algebra II, Pre-Calculus and Calculus.
Posy IWB Systems
At the time of this study, each teacher had an IWB permanently mounted on one
of the classroom walls and had been assigned a Dell laptop to use with the IWB, and for
lesson planning, and other job related tasks. IWBs installed varied across the district and
within schools (see Table 4).
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Table 4
Participants Technological Profile

Libby

Months of IWB Days per Week
Experience
of IWB Use
> 12
5

IWB
Installed
Polyvision

Personal and School
Technology Access
Interactive whiteboard;
Tablet devices (iPads,
Chrome books, Kindle
etc.); Smartphone
(iPhone, Galaxy, HTC,
etc.); Laptop; LCD
projector

Julia

> 12

5

Polyvision

Interactive whiteboard;
Tablet devices (iPads,
Chrome books, Kindle
etc.); Smartphone
(iPhone, Galaxy, HTC,
etc.); Laptop; LCD
projector

Latoya

> 12

5

Promethean

Interactive whiteboard;
Tablet devices (iPads,
Chrome books, Kindle
etc); Smartphone (iPhone,
Galaxy, HTC, etc);
Laptop; LCD projector

Wilma

> 12

1-2

SMART

Interactive whiteboard;
Tablet devices (IPads,
Chrome books, Kindle
etc); Smartphone (iPhone,
Galaxy, HTC, etc);
Laptop; LCD projector

Deanna

7-12

5

Promethean
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Interactive whiteboard;
Smartphone (iPhone,
Galaxy, HTC, etc);
Laptop; LCD projector

Table 4 (continued)
Bailey

1-6

5

Promethean

Interactive whiteboard;
Smartphone (iPhone,
Galaxy, HTC, etc);
Laptop; LCD projector

Tammy

1-6

3-4

Promethean

Interactive whiteboard;
Laptop; LCD projector

Promethean. The Promethean IWB system also known as an ActivBoard, is
designed to focus student attention and provide a platform to boost the interactivity of
lessons (Promethean, 2015). Teachers can choose from ActivPen, intuitive touch, or a
combination of both for interactivity. Teachers can create lessons with the ActivInspire
software or add elements of interactivity to Microsoft PowerPoint presentations or any
program that runs on a PC or Mac. ActivBoards run software intended to provide tools
suited for digitally connected classrooms and foster collaboration for up to six students to
work together simultaneously on a task.
SMART. SMART provides an integrated system that combines an interactive
whiteboard with an ultra-short throw projector that virtually eliminates shadows and glare
(SMART, 2015). This combination delivers an intuitive touch experience along with an
interactive widescreen surface for teaching and learning. Up to four students can
collaborate with lesson content anywhere on the interactive surface. Each user can use a
finger or a pen to simultaneously write or draw with a pen, erase with a palm and
manipulate objects in SMART Notebook, the collaborative learning software. Teachers
can enable collaboration instantly with no special tools or menus required. The touch
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experience means that teachers or students can interact with lessons and multimedia
quickly and easily without having to access on-screen menus.
Polyvision. The Ēno IWB blends analog and digital content, markers and
multimedia, with the simplicity of a traditional whiteboard. Working with other thirdparty software and display tools, Ēno provides interaction between students, instructors
and content for active learning. The Ēno interactive whiteboard offers a virtually
indestructible dry-erase surface, built with over 50 years of classroom experience. The
board functions without a power cord, or a USB cable. The only part that requires power
is the wireless Bluetooth pen. The PCK strategies and I-TK affordances examined in this
study can be used with all brands of the IWBs. The minimum hardware specifications
needed to examine each PCK and I-TK strategy and affordance was touch interactivity.
Data Sources and Collection
Data collection methods used in this study were observations, conversational and
survey interviews and the collection of relevant documents. I engaged in direct
interactions with teachers and their classrooms individually. Using these methods I was
able to gather rich information about IWB use, documenting teachers’ beliefs, barriers,
and support needs. Triangulation was used as a means of confirming and validating the
findings (Oleinik, 2011). Two triangulation methods for analysis were used in this study
(a) data triangulation, and (b) methodological triangulation (Denzen, 1978). Data
triangulation involved gathering data from multiple participants. Observations provided
firsthand accounts of teachers’ use of I-TPACK. I constantly compared teacher’s
interview and observations with that of other teachers, constructing follow-up questions,
and narrowing focus points during lesson observations. Methodological triangulation
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involved using more than one method to gather data, including interviews, observations
and related documents.
Protocol Development
Previously constructed survey instruments were not used to construct the survey
interview instrument used in this study. One major problem with using previously
constructed survey instruments were that previous studies opted for models that could be
applied to any technology comfortably, while useful, these models lacked the practical
information needed for use in real-world classrooms. The instrument used to inform these
models assumed teachers would interpret the instrument items in the context of their own
subject matter and some technology device. One is left to wonder when interpreting the
results of the survey which technology did the participant have in mind when they were
responding to the questions. My instrument eliminates this presumption by focusing the
respondent on a single technology device.
In this study, I also needed to collect data related to teachers’ beliefs. Bandura
(2006) explained that there is no all-purpose measure of perceived self-efficacy. The “one
measure fits all” approach usually has limited explanatory and predictive value because
most of the items in an all-purpose test may have little or no relevance to the domain.
Items in such a measure are usually cast in general terms divorced from situational
demands and circumstances, as with IWBs. This leaves much ambiguity about exactly
what is being measured or the level of task and the situational demands that must be
managed. According to Bandura (2006), the construction of sound efficacy scales rely on
a good conceptual analysis of the relevant domain, providing knowledge of the activity as
to which aspects of efficacy should be measured. Scales of perceived self-efficacy must
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be tailored to the particular domain of interest such as I-TPACK that may be different for
TPACK in general terms, encompassing every imaginable technology device and content
area, even to the point of domains within each content area.
The survey contained 37 items: demographics (7 items), organizational culture (4
items), professional development (7 items) and teachers’ beliefs (19 items). The domains
used to develop the survey included: (a) organizational culture, (b) adult learning theory,
and (c) aspects of teacher’s beliefs. The development of the survey was guided by
recommendations outlined by Davis (1989). Davis emphasized that the validity of an
instrument should be built-in from the outset of the study through systematic construction
in planning and procedures.
A domain sampling technique was used to assess the content of the survey
statements (see Table 5). Domain sampling assumes that survey statements correspond to
each of the measures of interest, this process is used to enhance content validity
(Bohrnstedt, 1970; Nunnally & Bernstein, 1994).
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Table 5
E-Survey Interview Domain Indicators
Domain
Organizational
Culture

Indicator Statements
My school administrators take an active role in providing IWB support
District administrators take an active role in providing IWB support

Professional
Development

IWB professional development (PD) is ongoing
IWB PD facilitators presented information I can use in my classroom
immediately
PD included accessing a variety of IWB features
IWB PD sessions include opportunities to learn by doing
IWB PD provided opportunity for group collaboration on use
IWB PD provides opportunities to reflect on my IWB use
Teachers in my local school provide support in using the IWB to
enhance student learning

Teacher’s Beliefs
Self-efficacy

I exude confidence using the IWB
The IWB is positioned for use with the internet
I often use the interactive features of the board to enhance instruction.
(pens, touch, screenshot, flip charts, clickers etc.)
I often use the IWB to support instruction that challenges students to
work and think
I can carry on my lessons just fine without the use of the IWB
I rely heavily on district technology staff to troubleshoot IWB
technical difficulties
I can recall the advantages for using IWBs for instruction
I frequently design lessons to include the IWB
I often seek online resources to increase my knowledge of IWB use
I find the IWB easy to use

Expectancy-Value
of IWBs

I find the IWB useful
Personal preference
Student engagement
Fear of job loss
Teacher evaluation ratings
Productivity
Professional growth goals
Local school expectations
District expectations
Student achievement
State-wide expectations
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University review. University experts evaluated the cognitive tasks required of the
survey respondents: (a) interpreting the statements (b) formulating a response and (c)
communicating their responses. Content that did not represent the domain content was
screened out, by assessing the degree to which the item matched the domain definition.
The initial draft of the survey contained 63 items, organizational culture (21 items),
professional development (17 items), teacher confidence (8 items), and teacher use (17
items). After review by university experts, the survey was reduced to 37 items.
Interviews
The teachers in this study were engaged in one extended interview using an
electronic survey and several brief conversational interviews. Wolcott (2005) defined
interviewing as any situation in which a fieldworker obtains information on a specific
topic and seizes the opportunity to do so even through a casual comment. The goal of the
electronic survey interview was to gather as much information possible about the
participant before the first observation. During the observation I would triangulate what
teachers reported to what they actually exemplified in their classrooms.
According to Trochim (2006), technology has led to a rapid evolution of research
methods in the last ten years. I used an electronic survey instrument for the initial long
interview (see Appendix E). Adobe Form Central was used to distribute the survey via
email. Teachers’ responses were automatically collected online. I was able to view
responses as graphical representations and organize the responses in excel spreadsheets.
I collected responses from all participants to some general interview topics I would have
traditionally asked teachers face-to-face. Leveraging technology, I was able make the
most of face-to-face time with participants. The survey instrument significantly narrowed
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the focus of the face-to-face interviews and observations by extracting information about
obvious topics related to technology integration, leaving more time to explore more
nuanced topics. I was able to analyze the responses more quickly and develop follow-up
questions that not only addressed the nuances of the individual, but also those of the
group (see Appendix F).
Conversational interviews are similar to unstructured interviews in that they are
not constricted to the rigidity of structured interviewing (Berg, 2007). The
interview/observation protocols were used as the conversational topics given the
interaction or situation (see Appendix G). Conversational interviews allowed me to
develop, adapt and generate follow-up probes that were timely. I was able to obtain new
insights that may have not otherwise been uncovered through the use of a structured
interview approach. The data from the conversational interviews were not transcribed in
their entirety; rather the most salient quotes were recorded as researcher notes on the
interview/observation protocol.
Observations
Observational data represents a firsthand encounter with the phenomenon of
interest (Merriam, 2009). Therefore, observing and documenting teacher behaviors was
the most direct method to evaluate how teachers used the IWB. The intent was to ensure I
reported the most accurate description of teachers’ actual use, rather than self-reported
use only. I observed 21 lessons in four secondary schools from September 2014 –
January 2015. Each teacher was observed three times. I observed lessons from beginning
to end; school schedules varied. Each observation lasted between 1-2 hours and was
followed by a brief conversational interview to clarify details from the observation.
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Segments of the lesson were video and audio recorded. The observation data focused
primarily on aspects of I-TPACK as described in chapter II with brief mention of SMPs.
An interview/observation protocol was filled in for each lesson observed. An observation
protocol was also used to detect the standards of mathematical practices during the
observation (see Appendix H)
During the observation I first marked “yes” or “no” if the indicator was observed.
A mark of “yes” did not denote the quality of use. In addition to the indicators in the
interview/observation protocol, I also recorded researcher notes with attention to the
following details: (a) lesson preparation: explicit reference to the use of technology in
the lesson plan; (b) lesson structure: attention to explaining how the IWB would be used
in the lesson and along with anticipated outcomes; and, (c) storing and editing lessons:
assessing how teachers used the IWB to save and reuse lessons. Lesson structure was the
most observable detail; I made notes on the sequence of activities and strategies and IWB
outcomes. According to Miller and Glover (2005) some outcomes related to IWB use
included:


Teachers’ fluency in IWB use.



Impact on conceptual learning and on cognitive development in relation to
achievement of objectives.



Use of different ways to address various learning modalities to enhance student
understanding.



Episodes of recall and review.
Researcher’s role. I was an observer as participant as described by Merriam

(2009). The group knew my objective as researcher, but participation in the class
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activities was secondary. As observer participant I was able to build positive relationships
with teachers by helping students at their desk or distributing lesson materials as needed.
The observation was less disruptive to the natural activity of the classroom setting as I
interacted with the students and the teacher at times. I assisted students in working
mathematics problems at their desk as the teacher worked with students in other sections
of the room. I minimized disruption to the learning environment by arriving at the
classroom 5 to 10 minutes prior to students or after students entered the classroom and
settled into their seats. I spent approximately 90% of the class time as observer and 10%
as a participant.
Relevant documents
I made note of curricula materials teachers used for the learning activities.
Curriculum materials such as textbooks excerpts were collected as relevant documents
(see Appendices G and H). The 2014-15 school year was the first full year of Common
Core State Standards (CCSS) implementation. Schools participating in this study were
implementing CCSS into their curriculum. To meet the challenge of the common core,
the teachers primarily used two curriculum resources: (a) Formative assessment lessons
(FALs) and (b) Carnegie Learning. The artifacts were useful in triangulating information
gathered from the survey interview in regards to planning and preparation of materials to
design lessons with the support of the IWB.
FALs. The FALs are designed to help students and teachers realize CCSS in the
classroom setting. The purpose of the FAL is to develop students’ conceptions, and
reveal misconceptions of significant mathematical ideas. Teachers are provided detailed
guidance to interpret student responses, administer the appropriate interventions, and
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provide solutions to the tasks. The guidance for teachers is much like a script such as
allotting time on task, what to say etc.
Students are encouraged to apply mathematics flexibly to non-routine,
unstructured problems, in both a real-world context and pure mathematics. FALs equally
balance focus on mathematics content and the standards of mathematical practices
(SMPs). SMPs describe processes of expertise that educators should develop in their
students. These practices rest on important processes and proficiencies in mathematics.
The SMPs are:
MP1 - Make sense of problems and persevere in solving them.
MP2 - Reason abstractly and quantitatively.
MP3 - Construct viable arguments and critique the reasoning of others.
MP4 - Model with mathematics.
MP5 - Use appropriate tools strategically.
MP6 - Attend to precision.
MP7- Look for and make use of structure.
MP8- Look for and express regularity in repeated reasoning.
Carnegie Learning. Carnegie Learning is the mathematics curriculum used in
Posy. Carnegie promotes student-centered learning. Students are systematically engaged
in one or more SMPs daily, are encouraged to take ownership of their learning and
develop an understanding of mathematics and exemplify fluency within appropriate
content. Students are provided opportunities tools to think deeply about mathematics and
fluently execute procedures. Each student has a consumable work text they can write-in
to construct and/or interpret mathematical models. Students are encouraged to explain
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their reasoning as they work through the lessons. At times students work with their peers.
The teacher resource materials include skills practice, assignments, assessments, checks
for understanding, and see-it, try-it. See-it, try-it are the technology pieces of the
curriculum that uses video animations and virtual manipulatives to compliment the
lesson.
Data Analysis
Qualitative research was once plagued by a lack of transparency. The
researcher’s iterative processes were almost illusive, but multiple triangulation methods
organized with the support of NVivo 10; the lack of transparency was overcome. NVivo
10 software is heavily suited for framework analysis. With the support of NVivo 10, I
used framework analysis to make decisions about the data. For example, creating a
coding framework, and sorting data into nodes. NVivo 10 was designed to help
researchers manage, analyze and report on unstructured data such as interviews,
observations, and documents etc. The software enables the researcher to make better
decisions about the data, given the organization of the data within the software.
Framework analysis is a qualitative method, developed by the National Centre for
Social Research in the United Kingdom during the 1980's, for analyzing data (Qualitative
Solutions Research International, 2012). The framework method results in a robust and
flexible matrix output within NVivo 10 (Bazeley, 2002; Hoover & Koerber, 2011;
Hutchison, Johnston, & Breckon, 2010; Joy, Lynne, & Celia, 2004). The flexibility of the
matrix provides a spiraling comparison of emergent theories and thematic categories as
data is collected. Researchers have the capability of analyzing data by case and theme,
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keeping the individual cases and stories whole (Ritchie & Wiberg, 1994). In this study,
each teacher is represented as a case and each tier of the conceptual framework a theme.
Node structure. The conceptual framework was used to organize the node
structure in NVivo 10. Node structures are made up of nodes and sub-nodes. A node is a
collection of references about a specific theme, place, person or other areas of interest.
Node structures can be easily edited as the data are worked through and new insights are
identified. The process used to populate the nodes and sub-nodes is called coding. Coding
is a way of gathering all the references to the specific themes, sub-themes and cases
(Berg, 2007). Interviews, observations, survey and documents were uploaded in NVivo
10 as sources after each interview, observation, and receipt of documents.
Coding themes and sub-themes. Coding relies heavily on a solid construct
analysis. Holton and Lowe (2007) defined construct analysis as means of organizing
isolated findings in research into an explanatory network. The sources represent how the
construct was encountered as through interviews, observations, or the collection of
relevant documents (see Table 6). The references are the number of times within the
source the construct is referenced or behavior occurred. The number of sources and
references do not necessarily denote its importance to the model; rather the reoccurrence
of the construct is used to guide further exploration as needed. The number of sources
and references were organized in a way to easily extract evidence from the data using the
coding framework to answer the research questions in this study (see Appendix I).
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Table 6
Theme and Sub-theme Coding Definitions
Theme
IWB Users

Sub-themes
Limited User
Knowledgeable User

Definition
Limited users have limited knowledge and
least likely to overcome first-order barriers.
Knowledgeable users are familiar with
technology and employ strategies to
overcome first-order barriers on their own
terms.

First-Order
Barriers
(Technology
Integration)

Professional
Development
Organizational Culture

First order barriers are any factors related to
the teachers’ use of the IWB outside of their
immediate control (extrinsic).

Second-Order
Barriers
(Technology
Integration)

Sources of Self-Efficacy Second-order barriers are related to
Expectancy-value
teachers’ belief systems and within the
control of the teacher (intrinsic).

I-TPACK

Supported didactic
Interactive
Enhanced Interactivity

I-TPACK is the intersection of pedagogical,
content and technological knowledge
needed to effectively use technology for
enhanced teaching and learning. I-TPACK
is measured in three stages.

IWB Users. To classify teachers as limited or knowledgeable users, interviews
and observations were coded. Teachers that employed their own personal strategies to
overcome first-order barriers despite unfavorable marks on first-order barriers were
coded as knowledgeable users. Teachers that were not able to overcome first-order
barriers and limited to the point of nonuse were coded as limited users. Classifications
were made after all interviews and observations were coded.
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Barriers. First-order and second-order barriers were examined primarily through
the electronic survey and conversational interviews. Teachers rated survey items on a
five-point Likert scale ranging from 1- strongly disagree to 5-strongly agree. A score of 4
or 5 indicated a “favorable” position on the survey item and coded as a positive
perception of the domain measured. A score of 1 or 2 was indicated an “unfavorable”
position and coded as a negative perception of the domain measured. A score of 3
indicated a “neutral” indicator on the survey item and coded as neutral perception of the
domain measured. Survey items marked “N/A” was assigned a score of zero. The option
N/A was added to provide respondents the option to communicate the survey item was
not applicable to their experiences. N/A is also intended to reduce erroneous conclusions
and interpretations on unmarked items on the survey. In the coding framework, indicators
marked N/A were coded as “neutral”.
I-TPACK. An observation protocol was completed for each lesson observed to
detect teachers’ stage of I-TPACK development and also indicators of SMPs. The
protocol focused on two aspects of I-TPACK: (a) mathematical pedagogical content
knowledge (PCK) and (b) IWB technological knowledge (I-TK). There were 16 total
indicators, 11 measured PCK and 5 measured I-TK. Only observational data was used to
classify the lessons. Miller and Glover (2005) used narratives to describe each stage of
IWB use. Prior to collecting the actual data, I conceptualized an approximate number of
PCK strategies and I-TK affordances based on a two-step process (see Table 7).
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Table 7
Initial I-TPACK Lesson Classification Indicators
Teacher Centered
Yes

PCK
>5

TK
<3

No

≥6

≥3

Enhanced Interactivity
No
Total possible points PCK =11, I-TK=5

≥9

≥4

Supported didactic
Interactive

The two-step process was used to quantify I-TPACK stages included: (1)
qualitatively conceptualizing the interactive stage as the mid-point of the three stages of
I-TPACK and (2) assigned a quantity representative of the progression from one stage to
the next. For example, Miller and Glover used the following word phrase to describe the
interactive stage, “the teacher makes some use of IWB potential”. I interpreted this word
phrase to mean at least 50% of PCK strategies and I-TK affordances could be observed in
a lesson at the interactive stage. Guided by my concept of the interactive stage, I
conceptualized the remaining stages as below and above the 50% mark. At the interactive
stage, the number of PCK strategies and I-TK affordances assigned was little more than
50% of all PCK strategies and I-TK affordances, but not more than 80% of all PCK
strategies and I-TK affordances, reserved for lessons at the highest stage of IWB use,
enhanced interactivity stage.
After the actual data were collected, I revised the values used to classify the
lessons. I found that 8 lessons were misrepresented. For example, some lessons that were
more interactive than others when compared qualitatively were given the same
classification that was notably lesson interactive (see Table 8).
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Table 8
Revised I-TPACK Lesson Classification Indicators
Supported didactic
Interactive

PCK
≥1

I-TK
None

≥5

≥1

Enhanced Interactivity
≥9
Total possible points PCK = 11, I-TK = 5

≥4

To revise the classification indicators I used another two-step method to
determine the cut scores that included: (1) qualitatively sorting the lessons into the three
stages of I-TPACK (2) quantifying the PCK and I-TK strategies and affordances
observed at each stage. At the end of the revision process, lessons were appropriately
classified quantitatively and qualitatively to my satisfaction as to reflect the core
attributes of the stages of I-TPACK with M-TPACK context and the rubric for observing
SMPs.
Trustworthiness
Berg (2007) explained that trustworthiness is key to ensuring both reliability and
validity in qualitative research. Trustworthiness establishes the degree to which the
researcher has exposed his or her thought processes and decision making throughout. In
this study trustworthiness was achieved through theoretical sensitivity. Theoretical
sensitivity is the researcher’s ability to think about the data, from a distance, theoretically
and conceptually, while simultaneously maintaining an in-close level of sensitivity.
Glaser and Strauss (1978) recognized the need for theoretical sensitivity during sampling,
coding, and analysis. Theoretical sensitivity was achieved by allowing the data to control
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my thinking as much as possible, meaning I understood my role in the research process
and I read widely across a number of topics to gain a multiple perspectives (i.e. IWBs,
TPACK, active learning, adult learning, self-efficacy, organizational culture, technology
leadership, technology integration, professional development, qualitative methodologies,
etc.).
Researcher’s positionality. At the time of this study, I was a central office
employee in the Posy County School District serving as a secondary mathematics
curriculum specialist. I have been employed in Posy as a teacher and administrator for 11
years. I do not hold a supervisory position over the teachers selected to participate in this
study, my curriculum vita has been included (see Appendix J). The following clarifies my
positionality as the researcher and thoughts about this experience to frame my analysis
and reporting in this study. I am a doctoral candidate in the Department of Curriculum,
Instruction, and Special Education with a focus on the use of technology to support
learning mathematics. I previously taught middle mathematics school for eight years.
During my time in the classroom I used the IWB to support student engagement, and
interest in in effort to move students toward mathematical proficiency. While I do not see
IWBs as solution for all aspects of student engagement, interest and increased
mathematics achievement, I am a proponent of technology integration and believe the
IWB is a resource. I also believe that all educators, especially those in mathematics can
effectively use technology to support student engagement, interest and guide students
toward mathematical proficiency. I believe that teachers will need to use technology to
engage, and equip students with the 21st Century learning skills needed to complete in the
global economy.
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I am aware of a number of new technologies (i.e. tablets, laptops etc.) that are
commonplace in most classroom today, however this is not the case in all schools,
particularly Posey. The only technology afforded for instruction daily was the IWB. I
determined based on several observations over the years that the IWB is not used enough
the support the learning of topics in mathematics, therefore during my studies at the
University, I took every opportunity to review the literature on technology integration,
with specific attention to the affordances of the technology in mathematics. Though my
positionality sides in favor of integrating IWBs effectively in mathematics instruction, I
was careful to use analytic temperament and competence (Glaser & Strauss, 1978).
Analytic temperament required tolerance of confusion and regression as readjustments of
the theory and conceptual framework changed as new information emerged, rather than
halt at predetermined outcomes. Analytic competence was necessary to develop
theoretical insights and abstract conceptual ideas from various sources and types of data.
Data were uploaded into NVIVO and coded to populate the theme and sub-theme nodes
in NVivo.
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CHAPTER IV
FINDINGS
The problem in this study is twofold: (a) mathematical content knowledge must
be transformed in such a way that students can learn it, and (b) educators and policy
makers need more practical knowledge to inform sustainable plans for integrating IWBs
effectively. To address this gap in the research, I examined: (a) how teachers exemplify
TPACK using a single technological device (I-TPACK) and (b) how I-TPACK can be
promoted and used in one school district. This chapter discusses findings through major
themes and sub-themes, to address the research questions in this study (Ritchie &
Wiberg, 1994).
Interviews and observations were used to project the teachers’ world view. Using
the NVivo 10 software, the number of sources and references were tabulated and
organized to report the findings of this study by case and theme. First-order and secondorder barriers were coded using data collected from teachers’ e-survey interview.
Teachers’ demonstrations of I-TPACK were coded from data collected during
observations. The research questions were designed to investigate how teachers’
exemplify I- TPACK and how it can be promoted in seven secondary mathematics
classrooms.

71

Research Question One: How do secondary mathematics teachers in one school
district exemplify I-TPACK?
All teachers in this study were classified as knowledgeable users, having
employed strategies to overcome first-order and second-order barriers with little or no
extrinsic, school or district support. Teachers reported high-levels of self-efficacy and
placed a high value on the use of technology for teaching and learning. Some expressed a
personal preference for using technology, personally owning other technological tools
such as tablets, laptops and smartphone devices.
Overall most teachers found alternate solutions to increase their knowledge of
IWB use beyond those provided through the organization. Though teachers were each
classified as knowledgeable users, each exemplified I-TPACK at varying stages. To
overcome barriers related to organizational culture teachers made using technology a
visible priority in their classroom and established a culture for technology-enhanced
learning. The priorities and culture in the classroom were reflective of teachers’ beliefs.
Some strategies included:


Bringing personal technology devices from home to school.



Purchasing technology with their personal money.



Seeking out online resources to gain knowledge for using the IWB for
instruction.



Pursuing graduate studies.



Trial and error with IWB affordances.



Downloading lessons from online sources.
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Attending conference workshops related to technology use.

Organizational culture and aspects of professional development were perceived as
barriers for most teachers in this study. Despite facing multiple barriers, teachers
exemplified I-TPACK at stages beyond supported didactic in most cases.
Case Findings
Teachers were eager to share their experiences using the IWB. Some took this
opportunity to express their dissatisfaction with professional development and the slow
response of district personnel to resolve technology work orders.
Wilma: I put in a work order January (2013)…technology said they ordered the
part. I just received it the next school year (August 2013).
Tammy: I put in a work order last October (2013) …they never really calibrated
it.
Other technical concerns were:


Missing pens



Batteries for pens and response clickers



Board not interactive



Board not calibrated



Missing remotes for the projector and IWB



Missing software



Projector connected to board projecting a faded yellowish/green color



Projector lens need to be replaced
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Teachers recalled times when they wanted to use their IWBs, but were limited by firstorder barriers like those listed above. In this section each case/teachers’ experience is
described. The cases are organized from supported didactic to enhanced interactivity (see
Table 9).
Table 9
Summary of I-TPACK Lesson Classifications by Case
Teacher
Tammy

Lesson 1
Supported Didactic
(Stage 1)

Lesson 2
Supported Didactic
(Stage 1)

Lesson 3
Interactive
(Stage 2)

Bailey

Supported Didactic
(Stage 1)

Interactive
(Stage 2)

Interactive
(Stage 2)

Deanna

Interactive
(Stage 2)

Interactive
(Stage 2)

Supported Didactic
(Stage 1)

Latoya

Interactive
(Stage 2)

Interactive
(Stage 2)

Interactive
(Stage 2)

Wilma

Interactive
(Stage 2)

Interactive
(Stage 2)

Interactive
(Stage 2)

Julia

Interactive
(Stage 2)

Interactive
(Stage 2)

Enhanced
Interactivity
(Stage 3)

Libby

Enhanced Interactivity
(Stage 3)

Enhanced
Interactivity
(Stage 3)

Enhanced
Interactivity
(Stage 3)

Tammy. Tammy has 3 years of teaching experience and has been employed with
Posy County for 2 years teaching Grades 6 and 7 mathematics. Tammy teaches at Buster
Middle School. She holds teaching certifications in secondary business education,
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mathematics, and gifted education. Tammy’s classroom was equipped with a Promethean
IWB she used three-four times a week.
Barriers. The physical location of the IWB was the only aspect of first-order
barriers Tammy perceived positively. Tammy perceived that her school administrator did
not take an active role in providing IWB support. On the other hand, a neutral stance was
reported regarding district administrator and peer support. Of all participants, Tammy’s
professional development opportunities were the most positively perceived, citing
activities during her training like accessing a variety of IWB features, opportunities to
learn by doing, group collaboration, and opportunities to reflect on IWB use.
With regard to second-order barriers, Tammy did not report negative perceptions
related to her self-efficacy or expectancy-value of the IWB. Tammy was one of five
teachers that sought out online resources to gain knowledge of IWB use and one of two
teachers that reported she could carry on a lesson just fine without the support of the
IWB. Primary motivations for Tammy’s IWB use were productivity, professional growth
goals and student achievement. Other motivations for use like school and state-wide
expectations were reported neutral. Tammy was motivated least by teacher evaluation
ratings, and district expectations.
I-TPACK. Tammy’s I-TPACK ranged from supported didactic to the interactive
stage (see Table 10). All PCK strategies were used in at least one or more lessons with
the exception of digital gaming. PCK strategies observed in every lesson were studentcentered approach, chunking, and eliciting student response. Annotation was the only ITK affordance used. I observed Tammy teach three lessons in the months of November
and December.
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Table 10
Summary of Observations for Tammy
Mathematics
Course
Observed
Grade 6

# of PCK
Strategies
Observed
6

# of I-TK
Affordances
Observed
0

Lesson 2:
Solving and graphing
inequalities in one
variable

Grade 7

8

0

Supported Didactic
(Stage 1)

Lesson 3:
Exploring, squares,
cubes, and roots

Grade 6

9

1

Interactive
(Stage 2)

Lesson 1:
Determining the
percentage of a number

I-TPACK Stage
Supported Didactic
(Stage 1)

Lesson 1:Determining the percentage of a number (Stage 1). Lesson 1 was a
Carnegie Learning lesson. Students used strategies to determine the unknown part given
the percentage and the whole. Tammy began the lesson with a PowerPoint she retrieved
from on online resource. The PowerPoint included elements of non-linguistic
representations through pictures and graphic organizers. (i.e. number lines and coordinate
planes). The use of non-linguistic representations provided context to the problems
students were solving. The teacher projected the examples for the lesson onto the IWB.
Students were presented with five different methods for computing the percent of any
number given and had to determine which method was most efficient to use specific to
the situation. As students took notes at their desk, the teacher modeled strategies at the
IWB. Tammy balanced the tempo of the lesson by alternating student-centered and
teacher-centered activities throughout the lesson with the support of the IWB.
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Tammy made use of only PCK strategies for chunking, and pacing the lesson. At
times, Tammy stood at the IWB and moved about the room while students were working.
She asked students questions about content projected onto the IWB and situated at their
desks:
How do you calculate 30% of the students? Did you use benchmark percents?
Explain. What operation is used to compute the total cost of the items?
If you receive a 15% discount, what percent will you pay?
What percent can you use to represent paying a 5% tax?
After students determined the most efficient strategies, students were given basketball
statistics to determine the player that had the best free throw record and then calculated
discounts on school supplies. During this lesson I observed students engaged in at least
three SMPs: MP1, MP2, and MP3. The curriculum provided a see-it, try-it technology
resource for this lesson, but did not make use of this curriculum resource.
Lesson 2: Solving and graphing inequalities in one variable (Stage 1). Lesson 2
was a Carnegie Learning lesson. The lesson required students to learn common algorithm
when multiplying inequalities involving negative numbers. Tammy alternated studentcentered and teacher-centered activities throughout the lesson. PCK strategies such as
chunking, pacing, clarifying content, eliciting student response and scaffolding were
observed in the lesson. Tammy both stood at the IWB and moved about the room while
students worked. The teacher asked students the following questions about the content
projected onto the IWB and situated at their desks:
What is the difference between the graph of the solution to an equation in one
variable and an inequality in one variable?
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When is an open circle used to graph an inequality on a number line?
When is a closed circle used to graph an inequality on a number line?
When is a closed circle used to graph an inequality on a number line?
The curriculum did not provide a see-it, try-it resource for this lesson.
Lesson 3: Exploring, squares, cubes, and root (Stage 2). Lesson 3 was a Carnegie
Learning lesson that focused on the development of number sense by analyzing and
estimating squares, and square roots (see Appendix K). The lesson was primarily studentcentered. Tammy used the IWB to annotate a square root diagram from the textbook.
Using the annotation feature, students took turns going to the IWB and filling in the
diagram. At times, Tammy stood at the IWB and moved about the room while students
worked at their desks. The teacher asked students questions about content projected onto
IWB and situated at their desks:
What methods can be used to determine the square root of a number?
How do you determine what values to try for the tenth’s decimal place?
How is the volume of a cube related to the number of unit cubes in a larger cube?
The curriculum did not provide a see-it, try-it. During this lesson I observed students
engaged in at least three SMPs: MP1, MP2, and MP3.
Case summary. Tammy was classified as knowledgeable IWB user.
Comparatively, Tammy used the IWB less frequently than five other teachers in this
study. Tammy used I-TPACK at the supported didactic stage most. However, at the time
Lessons 1 and 2 were observed, Tammy could not locate the IWB pen to access the
interactive features of the IWB. In Lesson 3, the pen was available and was used for
annotations only. Tammy’s lessons used the least number of I-TK affordances. Assuming
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Tammy would have used annotations in Lessons 1 and 2 as she did in Lesson 3, the
number of I-TK affordances would have been comparable to two other teachers, Wilma
and Latoya. Notably, though the fewest occurrences of I-TK affordances were observed
during Tammy’s lessons, she used more PCK strategies on average than Wilma, Latoya,
and Bailey.
Bailey. Bailey began her career in the Posy County School District, teaching
Algebra II, Pre-Calculus and Calculus at Ruston high school. She has 2 year of teaching
experience and holds teaching certifications in secondary mathematics and AP calculus.
The classroom was equipped with a Promethean IWB she used every day. Bailey was
classified as a knowledgeable IWB user.
Barriers. Among the teachers in this study, Bailey was one of two teachers that
did not perceive any aspect of her organizational culture as supportive. The only positive
perception Bailey had regarding organizational culture was the positioning of the IWB
for use with the Internet. Bailey perceived her peers, local, and district administrator did
not take an active role to support her use of the IWB. Markedly, two other teachers
employed at Ruston perceived that their school administrator did not take an active role
in providing IWB support. Bailey’s perceptions of her professional development
experiences ranged from neutral to negative. She was one of three teachers that perceived
PD was not ongoing, nor provided opportunities to collaborate with peers and reflect on
IWB use. Bailey was also one of three teachers that took a neutral position on whether
the PD facilitator presented information that could be used immediately, and provided
opportunity to learn by doing, accessed a variety of IWB features. Bailey perceived
aspects of her beliefs with regard to self-efficacy and the expectancy-value of the IWB
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positively. Though Bailey did not report any positive PD experiences, she reported most
motivations for her IWB use were related to the expectancy-value of the IWB for
teaching and learning. Unlike most teachers in this study, Bailey was motivated by
teacher evaluation ratings, district expectations, and state-wide expectations.
I-TPACK. Bailey’s lessons ranged from supported didactic to the interactive stage
of I-TPACK (See Table 11). A student-centered approach and the use of non-linguistic
representations were PCK strategies observed in every lesson. Bailey was the only
teacher that made use of non-linguistic representations in every lesson. All other PCK
strategies were observed at least once with the exception of digital gaming and shared
feedback. At times, Bailey used annotation and maximized spontaneous moments. No ITK affordances were observed in every lesson. I observed Bailey teach three lessons in
September, October, and November.
Table 11
Summary of Observations for Bailey
Mathematics
Course
Observed
Algebra II

# of PCK
Strategies
Observed
2

# of I-TK
Affordances
Observed
0

Lesson 2:
Sidewalk Stones

Algebra II

8

2

Interactive
(Stage 2)

Lesson 3:
Forming Quadratics

Algebra II

8

2

Interactive
(Stage 2)

Lesson 1:
Table Tiling

I-TPACK Stage
Supported Didactic
(Stage 1)

Lesson 1: Table tiling (Stage 1). Students were engaged in a FAL. During this
lesson Bailey made use of four PCK strategies; clarifying content, eliciting student
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response, pacing and chunking lesson segments with the use of the IWB. The goal of the
lesson was to guide students in building a function that modeled a relationship between
two quantities. Students determined how many whole, half, and quarter tiles were needed
to cover the tops of different sizes of coffee tables. Bailey projected the problem students
were working onto the IWB. Students worked in pairs at their desks to find solutions.
Students described methods for quickly calculating how many tiles of each type
were needed. Bailey provided minimal support to the students, allowing students to arrive
at their own meaning of the mathematics. At the end of the lesson, the solutions were
presented and the class discussed their methods. The teacher was able to formative assess
how well students could apply mathematics to a real-world situation. I observed students
engaged in MP1, MP4, MP5, and MP8.The curriculum did not provide technology
component for this lesson. The teacher determined how technology, calculator or IWB,
would be used to enhance the lesson.
Lesson 2: Sidewalk stones (Stage 2). Students were engaged in a FAL. Students
explored rules to determine how many blocks of different colors were needed to make
different sized patterns. The context was Prague, the capital and largest city of the Czech
Republic. The goal of the lesson was to help students build a function that modeled a
relationship between two quantities. The lesson required the use of problem solving
strategies and previously taught concepts and skills. Bailey used the blank canvas in the
Promethean flipchart to model some strategies. The teacher used students’ performance
on this task to indicate how well students applied mathematics to a real-world situation.
Students worked in pairs to find solutions. The teacher provided minimal support to
students, allowing them to arrive at their own meaning of the mathematics.
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At the conclusion of the lesson the teacher provided the answers and discussed
solutions with the class. With the support of the IWB, Bailey recorded students’
responses, provided additional examples, addressed misconceptions and helped students
recall concepts and skills. Bailey used eight PCK strategies and one I-TK affordance.
Bailey used student-centered instruction, chunking, pacing, non-linguistic
representations, scaffolding, clarifying content, eliciting student response, and shared
feedback. I-TK features included maximized spontaneous moments, switching from
PowerPoint to the Promethean flipchart throughout the lesson, and annotation. I observed
students engaged in four SMPs: MP1, MP4, MP5, and MP8.
Lesson 3: Forming quadratics (Stage 2). Students were engaged in a FAL. The
focus of Lesson 3 was to assess how well students were able to understand how different
algebraic forms of a quadratic function revealed properties of its graphical representation.
Bailey projected the slides provided with the curriculum materials onto the IWB that
included each of the algebraic forms. Using annotations and providing additional
examples, Bailey helped students understand how the factored form and completed
square form of a function could be used to identify a graph’s roots. Along with the IWB,
student displayed their methods on mini-whiteboards. Students went to the front of the
room to display the different methods used to match their quadratic graphs to their
algebraic representation. Students asked questions of their peers and engaged in
mathematical discussions.
At times, Bailey stood at the IWB and moved about the room while students
worked at their desks. Students were asked questions about the content projected onto
IWB and content situated at their desks:
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What does an equation in standard form tell you about the graph? Explain.
What does an equation in completed square form tell you about the graph?
Explain
Has anyone drawn a graph with different y-intercepts?
Do all quadratic curves have a y-intercept?
Can a quadratic have more than one y-intercept?
Which form of the function makes it easy to determine the coordinates of the
roots y-intercept/turning point of the parabola?
The IWB was used to maximize spontaneous moments during the lesson. For
example, PowerPoint was the primary program used for the lesson. As students asked
questions, Bailey moved out of PowerPoint into Promethean flipchart. The Promethean
flipchart was used as a blank canvas to provide additional examples and alternate
computation methods. As students responded to the questions, Bailey monitored student
learning, clarified content, and addressed student misconceptions. She frequently made
use of the annotation feature of the IWB, recording students’ responses. During this
lesson Bailey used eight PCK strategies and two I-TK affordances. PCK strategies used
included a student-centered approach, chunking, pacing, non-linguistic representations,
scaffolding, clarifying content, eliciting student response, and shared feedback. The
curriculum did not provide a specified technology component for this lesson. During this
lesson I observed students engaged in three SMPs: MP1, MP2 and MP3.
Case summary. Bailey was classified as knowledgeable user. The IWB was used
every day for teaching and learning. Bailey was one of three teachers that had at least one
or more lessons that did not advance beyond supported didactic. In comparison to
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teachers in this study, the fewest number of PCK strategies were observed in Bailey’s
lessons. She made the least use of the IWB for chunking content, pacing, scaffolding,
clarifying content, and increasing student response rates. On the other hand, the numbers
of I-TK affordances observed in Bailey’s lessons were moderate, making use of
annotations, and one of two teachers that maximized spontaneous moments.
Deanna. Deanna has more than 10 years of teaching experience. At the time of
the study, this was her first year employed in the Posy County School District at Ruston
High School. Her classroom was equipped with a Promethean IWB she used every day.
Deanna holds a teaching certification in secondary mathematics, English, elementary
education, and kindergarten. Deanna was a knowledgeable IWB user.
Barriers. Deanna’s perceptions of organizational culture primarily ranged from
neutral to negative. Like other teachers in this study, Deanna made one positive reference
to organizational culture regarding the positioning of the IWB for use with the Internet.
Deanna held a neutral position with regard to peer support related to the use of the IWB
to enhance instruction. However, Deanna was one of two teachers to report a negative
perception of her peer’s ability to provide IWB technical support. Notably, the other
teacher, Bailey from Ruston High School also shared a negative perception of peer’s
ability to provide IWB technical support at Ruston High. Deanna received IWB training
prior to employment with Posy County. Deanna reported the most positive references to
her professional development experiences of all teachers. She was the only teacher to
report PD was ongoing. The only negative reference reported was the opportunity to
reflect on her IWB use during PD.
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Deanna presented a positive perception of her self-efficacy on all indicators, with
the exception of one neutral position on the ease of IWB use. Uncommonly, Deanna was
able to recall the advantages of using the IWB, but reported the IWB was not an integral
part of her instruction and the IWB was not easy to use. Deanna was the only teacher
with this pairing. As teachers were able to recall the advantages of using the IWB for
instruction, they also found the IWB easy to use and exuded confidence while using the
IWB. This was not the case for Deanna. To clarify these findings, I created follow-up
questions for the face-to-face interview. To explain this observed mismatch, I asked
Deanna about factors impacting, or constraining her IWB practices. Deanna reported that
Ruston High limited her capabilities. Ruston provided her fewer resources than what she
was accustomed to having available.
Deanna: What!...We had everything at my old school. Everything was
SMART…We had slates, clickers, and unrestricted access to websites. Here we
have a block on everything I try to access, especially YouTube and Khan
Academy.
Deanna perceived these barriers limited her access to web resources. Given these
constraints, she reported her beliefs had not yet been fully enacted simply due to her
limited resources. Primary motivations for Deanna’s IWB use were her professional
growth goals. She was least motivated by fear of job loss, teacher evaluation ratings, and
local and district expectations.
I-TPACK. Deanna’s I-TPACK ranged from supported didactic to interactive (see
Table 12). PCK strategies used in every lesson included a student-centered approach,
chunking, pacing, student progress monitoring, scaffolding, clarifying content, eliciting
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student responses, and shared feedback. All other PCK strategies were used at least once
with the exception of a teacher-centered approach and digital gaming. There were no ITK affordances used in every lesson. Annotation and screen capture were the only two ITK affordances used. I observed Deanna teach three lessons in November.
Table 12
Summary of Observations for Deanna
Mathematics
Course
Observed
Algebra II

# of PCK
Strategies
Observed
8

# of I-TK
Affordances
Observed
2

I-TPACK Stage

Lesson 2:
Special angles and
postulates

Geometry

8

2

Interactive
(Stage 2)

Lesson 3:
Growth and Decay

Algebra III

8

0

Supported Didactic
(Stage 1)

Lesson 1:
Modeling with
functions

Interactive
(Stage 2)

Lesson 1: Modeling with functions (Stage 2). Lesson 1 was a Carnegie Learning
lesson students were presented problem situations involving quadratics. Students had to
model mathematics using a table, a function, and a graph. The online text of the lesson
was projected onto the IWB. As the Deanna worked the problems at the IWB, students
worked along in their text at their desks. Deanna used the screen capture feature of the
IWB after each transition of the lesson. The screen capture saved the annotations from
each segment of the lesson. She often flipped back to the saved annotations as questions
arose during the lesson.
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In a second problem involving a storm drain, students calculated the length of the
drain, the width of the drain, and the maximum cross-sectional area of the drain in two
different situations. Students made use of non-linguistic representations such as tables of
values, equations, and graphs to represent each situation at the IWB. The class responses
were recorded on the IWB. Students were asked to identify the function that represented
the cross-sectional area of the drain as quadratic and the two indicators that represented
the length and width of the drain as linear.
Deanna created an illustration of the drain using the IWB line drawing tool. She
selected the line option and made strokes where she wanted the lines to form. Most times,
Deanna stood at the IWB and at times moved about the room while students worked at
their desks. The teacher asked students questions about content projected on the IWB and
situated at their desks:
What in the description of the problem situation helps to determine the function
family?
When the output values were added, was the resulting graph a parabola?
Does adding the output values preserve the curved shape of the parabola?
Does one of the functions have to be a parabola that opens up if the sum of the
two functions is a parabola that opens up?
When graphing the function A(h), what unit is measured on the x-axis and how
does it relate to this problem situation?
Finally, students analyzed graphs by relating the intercepts and axis of symmetry
to the problem situation. By the end of the lesson, students concluded that the product of
two linear functions created the quadratic function. During this lesson, I observed
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students engaged in two SMPs: MP1 and MP3. The curriculum materials did not provide
a technology resource.
Lesson 2: Special angles and postulates (Stage 2). Lesson 2 was a Carnegie
Learning lesson that focused on types of angles: complementary, supplementary,
adjacent, linear pair, and vertical. Deanna projected the online text onto the IWB. Like
Lesson 1, Deanna worked the problems at the IWB as the students worked along in their
text at their desks. The teacher used the screen capture feature of the IWB after each
transition of the lesson. The screen capture saved the annotations from each segment. She
often flipped back to the saved annotations as questions arose during the lesson.
Students found the difference between postulates and theorems, and the difference
between Euclidean and non-Euclidian geometries. Students solved algebraically for
supplements and complements of angles. Most times, Deanna stood at the IWB, but at
times moved about the room while students worked. The teacher asked students questions
about content projected on the IWB and situated at their desks:
Is it possible for two angles to be both congruent and complementary?
Do adjacent angles share a common vertex?
Does a linear pair of angles always form a line?
What is the key difference between Euclidean and non-Euclidean geometry?
What is the conclusion in the Segment Addition Postulate?
During this lesson I observed students engaged in two SMPs: MP1 and MP3. The
curriculum did not provide a technology component for this lesson.
Lesson 3: Growth and Decay (Stage 1). The goal of Lesson 3 was to help students
apply and solve problems relating to exponential growth and decay. The teacher
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projected a video from Khan Academy onto the IWB to guide the instruction for the day.
After key segments of the video, the teacher stopped and asked students question.
Students took notes at their desks and asked questions about the content. She used this
method for the duration of the lesson. She did not make use of I-TK affordances.
Students did not work in pairs. The lesson was student-centered, but facilitated wholeclass. At times students interacted with the teacher and expounded on the comments of
their peers. During this lesson I observed students engaged in two SMPs: MP1 and MP3.
The curriculum materials did not provide a technology resource.
Case summary. Deanna was classified as a knowledgeable IWB user.
Comparatively, Deanna used the IWB to enhance PCK strategies as frequent as four other
teachers in this study. Similarly, I-TK affordances were used as frequently as others.
Deanna was one of two teachers that used the IWB to monitor student progress, one of
four teachers to use the IWB to enhance scaffolding, and the only teacher that used
shared feedback in every lesson. She was also one of three teachers that used the screen
capture I-TK affordance.
Latoya. Latoya has 3 years of teaching experience. Two years have been with the
Posy County School District at Ruston High School. She has a Promethean IWB that is
used every day. Latoya holds a teaching certification in secondary mathematics. Latoya
was a knowledgeable IWB user.
Barriers. Latoya shared the same negative perceptions as other teachers in this
study related to organizational culture. She perceived school and district administrators
did not take an active role in providing IWB support to instruction. Latoya was one of
three teachers who perceived that her peers were capable of providing IWB technical
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support. Ruston High School teachers were the only teachers that reported positive PD
experiences and Latoya was among them. Of all teachers in this study, Latoya reported
the least number of positive references to her self-efficacy. Latoya reported she did not
frequently prepare lessons to use with the IWB and rarely sought out resources on how to
use the IWB on her own. Latoya reported carrying on lessons without the support of the
IWB was undesirable. Primary motivations for Latoya’s IWB use were personal
preference, productivity, student engagement, and student achievement. Latoya was least
motivated by local, state, and district expectations, professional growth goals, fear of job
loss, and teacher evaluation ratings.
I-TPACK. Latoya’s I-TPACK consistently reached the interactive stage of ITPACK (see Table 13). PCK strategies observed in all lessons included a studentcentered approach, chunking, clarifying content, and eliciting student response. All other
PCK strategies were observed during at least one lesson with the exception of a teachercentered approach and digital gaming. Annotation was the only I-TK affordance used.
Annotations were observed in every lesson. I observed Latoya teach three lessons in the
months of September and November.
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Table 13
Summary of Observations for Latoya
Mathematics
Course
Observed
Algebra I

# of PCK
Strategies
Observed
5

# of I-TK
Affordances
Observed
1

I-TPACK Stage

Lesson 2:
Functions and
everyday situations
(Part I)

Algebra I

8

1

Interactive
(Stage 1)

Lesson 3:
Functions and
everyday situations
(Part II)

Algebra I

8

1

Interactive
(Stage 1)

Lesson 1:
Sorting Functions

Interactive
(Stage 1)

Lesson 1: Sorting functions (Stage 2). Lesson 1 was a FAL on sorting functions.
Students were given four graphs, four equations, four tables, and four rules. Their task
was to match each graph with an equation, a table and a rule. Students organized their
solutions on graphic organizers. The graphic organizer was also projected onto the IWB.
Students explained their solutions.
Latoya provided the students little support. Students were directed to their notes
for recalling previously taught concepts. During the last 10 minutes of the lesson, the
teacher recorded the students’ solutions onto the IWB. Latoya used the annotation I-TK
feature to draw student attention to key words and concepts. Students that had not
completed the task copied the solutions from the IWB onto their task. As solutions were
presented, spirited discussions erupt as students used a variety of methods to arrive at the
same conclusion. I observed students engaged in four SMPs: MP2, MP3, MP6 and MP7.
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Lesson 2: Functions and everyday situations - part I (Stage 2). Lesson 2 was a
FAL. Latoya focused on helping students explain the relationships between variables in
everyday contexts. The task was designed to reveal students’ current understanding and
difficulties. The teacher projected slides included in the curriculum materials onto the
IWB. Students worked individually on the assessment task at their desk. As in Lesson 1,
Latoya used the IWB to annotate key words in the problem and calculate solutions.
Students took notes at their desk. Students sketched graphs of relationships between the
variables and interpreted algebraic functions to decide whether the data were discrete or
continuous. Students were given cut-up card sets: everyday situations, graphs, algebraic
functions, and a graphing calculator to their check solutions.
Latoya reviewed student solutions and provided additional questions that were
projected onto the IWB for students to consider. The purpose of projecting additional
questions was to help students improve their work. Each student was provided a miniwhiteboard, a pen, and eraser. In a whole-class discussion, students communicated what
they learned and the strategies used. At the conclusion of this lesson, I observed students
engaged in four SMPs: MP2, MP3, MP6 and MP7.
Lesson 3: Functions and everyday situations - part II (Stage 2). Lesson 3 was a
FAL follow-up lesson. The students returned to their task in Lesson 2 to consider their
responses, and questions posed by the teacher. The teacher projected slides included in
the curriculum materials onto the IWB. Latoya used the IWB to annotate key words in
the problem and calculate solutions. Students used what they learned in Lesson 2 with
another set of four situations. At times, Latoya stood at the IWB and moved about the
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room as students worked. Latoya asked students questions about content projected on the
IWB and situated at their desks:
As x increases does y increase or decrease? Why?
As x goes up in equal steps, does y go up in equal steps? Why?
What does each statement tell you about the value of x?
What does each statement tell you about the value of y?
Show me a function that never crosses the x-axis. How do you know?
Show me a function that intersects the origin. How do you know?
During this lesson I observed students engaged in at least three SMPs: MP1, MP2, and
MP3. The curriculum did not provide recommendations for technology use.
Case summary. Latoya was a knowledgeable IWB user. Her use of the IWB was
among the 62% of lessons classified as interactive. Latoya used fewer PCK strategies and
I-TK affordances than four other teachers. Surprisingly, Latoya was able to render more
interactive lessons than teachers who used more PCK strategies and I-TK affordances
like Tammy, Bailey, and Deanna due to the combination of PCK strategies and I-TK
affordances she combined each lesson.
Latoya was one of two teachers that used the IWB to pace lessons least. There
were five strategies and affordances used in every lesson:


Student-centered instruction



Chunking



Clarity of Content



Student response rates



Annotations
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With the exception of Tammy, Latoya was one of two teachers that made use of one I-TK
affordance, which was annotation. Julia and Deanna were the only other teachers that
consistently combined more PCK strategies and I-TK affordances in every lesson,
consistently.
Wilma. Wilma has more than 20 years of teaching experience and was employed
at Upton Middle in Posy County over a decade. She holds a teaching certification in
elementary education, Kindergarten, gifted education, secondary mathematics and social
studies. Wilma had a SMART IWB installed in her classroom she used 1-2 days per
week. Wilma was a knowledgeable IWB user.
Barriers. Wilma had the most positive references to organizational culture of all
teachers. She positively referenced peer, school, and district support, with the exception
of peer support for IWB technical support. Wilma reported more negative references to
professional development than positive. She was only of two teachers that reported
positive references on the facilitator’s use of reflections on IWB use.
On aspects of self-efficacy, Wilma reported more positive references than
negative references to her self-efficacy. However, on aspects related to the expectancyvalue of the IWB for teaching and learning, Wilma made the most negative references of
all teachers. Admittedly, she does not frequently prepare lessons to use with the IWB and
declared she could carry on the lesson just fine without the support of the IWB. Primary
motivations for Wilma’s IWB use were personal preference, productivity, student
engagement, and student achievement. Wilma was least motivated by local, state, and
district expectations, professional growth goals, fear of job loss, and teacher evaluation
ratings.
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I-TPACK. Wilma consistently reached the interactive stage of I-TPACK (See
Table 14). PCK strategies used in every lesson included student-centered approach,
chunking, pacing, scaffolding, and clarifying content. PCK strategies such as student
progress monitoring, and digital gaming were not observed. Annotation was used
everyday, and was the only I-TK affordance observed. I observed Wilma teach Lesson 1
twice to different groups of different eighth graders. The following week I observed
Lesson 3. Lessons were observed in December.
Table 14
Summary of Observations for Wilma
Mathematics Course
Observed
Lesson 1:
Rate of Change

Grade 8

# of PCK
Strategies
Observed
7

# of I-TK
Affordances
Observed
1

I-TPACK Stage

Lesson 2:
Rate of Change

Grade 8

7

1

Interactive
(Stage 2)

Lesson 3:
Using multiple
representations

Compacted Grade 8

7

1

Interactive
(Stage 2)

Interactive
(Stage 2)

Lesson 1: Rate of change (Stage 2). Lessons 1 and 2 were Carnegie Learning
lessons. Students exemplified how the rate of change of linear functions was
represented and calculated from tables. The online text was projected onto the IWB.
The teacher worked through the lesson page by page on the IWB as students worked
along in the text at their desks. Students went to the IWB to explain their answers.
Students used the annotation feature of the IWB. Students were asked to write rates for
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situations and identify rates as rates of increase or rates of decrease, determine rate of
change from graphs, and determine unit rates of change for two lines on a graph.
Wilma used questions from the text to guide students through an informal process
of determining the rate of change before they were introduced to the formula for
calculating rate of change. The lesson was student-centered. Students worked in pairs
throughout the lesson. Wilma did not spend much of her time standing at the IWB, she
mostly moved about the room assisting students in their text as they worked. The teacher
asked students questions about content projected onto the IWB and situated at their
desks:
Does it matter what point you start from when counting the rise?
Does the placement of the negative sign change in your rise/run fraction when
performing the calculation the second time? Why does this happen?
How can you use your graph to verify the correct sign for the rise/run fraction?
In Problem 4, you showed that the graphs and their rates could not be compared.
What is different about this problem that makes it acceptable to compare the
graphs and their rates?
As students responded to questions, Wilma monitored student learning, clarified content,
and addressed student misconceptions. As Wilma clarified content she referred to the
text, table, and graphs in the online text projected onto the IWB. She organized students’
thinking on the IWB. The teacher frequently made use of the annotation feature of the
IWB, computing problems and recording students’ responses. At times students would
come to the IWB to show how they computed a problem, and explained to their peers.
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During this lesson I observed students engaged three SMPs: MP1, MP3, MP8. The
curriculum did not provide a technology resource.
Lesson 2: Rate of Change (Stage 2). I observed Wilma teach this lesson two class
periods to eighth grade students. During each presentation of the lesson, the pacing and
chunking of the content varied, while the activities remained the same. Certain
pedagogical strategies not observed in the initial presentation of the lesson were observed
on the second presentation. For example, peer prompted questions.
Lesson 3: Using multiple representations (Stage 2). Lesson 3 was a Carnegie
Learning lesson. The students focused on representing real-world linear functions
through multiple representations. The students were asked to write equations to represent
relationships in tables and then complete tables using given equations and graph. The
online text was projected onto the IWB. Wilma worked through the lesson page by page
on the IWB as students worked along in the text at their desks. Students went to the IWB
to explain their answers. Students used the annotation feature of the IWB. The lesson
was student-centered. Students worked in pairs throughout the lesson. Wilma did not
spend much of her time standing at the IWB, she mostly moved about the room assisting
students in their text as they worked. At times she would ask students questions about
content projected onto the IWB and situated at their desks:
How was the average speed used to write the equation?
Is the data set discrete or continuous? Explain.
What does the slope mean with respect to the problem situation?
What information in the problem context helps you to determine Lisa’s average
speed in kilometers per minute?
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How is the equation you wrote for Lisa different than the equation you wrote for
Willie?
As students responded to questions, Wilma monitored the student learning,
clarified content, and addressed student misconceptions. As Wilma clarified, she referred
to the text, table, and graphs in the lesson projected onto the IWB. Wilma made use of
graphic organizers provided in the text. The graphic organizer helped students gain a
deeper understanding of the concept. Wilma frequently made use of the annotation
feature of the IWB, computing problems and recording students’ responses. At times
students came to the IWB to show their work and explain to their peers. During this
lesson I observed students engaged in two SMPs: MP1 and MP3. The curriculum
provided a technology resource, however Wilma did not make use of this interactive
resource.
Case summary. Wilma was classified as a knowledgeable user. Consistently,
Wilma used the fewest combinations of PCK strategies and I-TK affordances of all other
teachers. Notably, Wilma was one of two teachers that used non-linguistic
representations in every lesson. Despite demonstrating I-TPACK at the interactive stage
consistently, Wilma used the IWB least of all teachers. Surprisingly, Wilma reported
having an overall positive perception of her self-efficacy. However, there was a staunch,
negative perception of the expectancy-value of the IWB for teaching and learning. Wilma
expressed fewer motivations for IWB use than all teachers.
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Julia. Julia has 11 years of teaching experience. Julia has been employed in Posy
County for 2 years at Thompson High School. Julia had a Polyvision IWB she used every
day. Julia holds a teaching certification in secondary mathematics, biology, and
chemistry. Julia was classified as a knowledgeable IWB user.
Barriers. Julia took a neutral position on indicators related to organizational
culture such as local, district and peer support. Julia was the only teacher that reported a
negatively perception on every aspect of professional development. However, on aspects
of self-efficacy, Julia made only positive references related to her self-efficacy and the
expectancy-value of the IWB for teaching and learning. Julia perceived the IWB as
integral to her daily instruction, and did not prefer to carry-on lessons without it. Primary
motivation for Julia’s use of the IWB was personal preference, student engagement,
productivity, professional growth goals, and student achievement. Julia was least
motivated by a fear of job loss and district expectations.
I-TPACK. Julia’s I-TPACK ranged from interactive to enhanced interactivity
(See Table 15). Julia was the only teacher that made use of all PCK strategies and I-TK
affordances. Julia used PCK strategies such as a student-centered approach, chunking,
pacing, scaffolding, and clarifying content in every lesson. Annotation was the only I-TK
affordance used in every lesson. I observed three Algebra I lessons, two in November,
and one in January.
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Table 15
Summary of Observations for Julia
Mathematics
Course
Observed
Algebra I

# of PCK
Strategies
Observed
6

# of I-TK
Affordances
Observed
1

I-TPACK Stage

Lesson 2:
Boomerangs

Algebra I

8

2

Interactive
(Stage 2)

Lesson 3:
Transforming
Quadratics

Algebra I

10

4

Enhanced
Interactivity
(Stage 3)

Lesson 1:
Reflections of linear
and exponential
functions

Interactive
(Stage 2)

Lesson 1: Reflections of linear and exponential functions (Stage 2). Lesson 1 was
a Carnegie Learning lesson that focused on the affects horizontal and vertical reflections
has on linear and exponential functions. Julia projected the online text onto the IWB.
Julia explained that her Algebra I classes were very far behind in the curriculum pacing
guide. Julia reported relying heavily on the productivity features of the IWB to deliver
large amounts of content at a rapid pace. Making use of the IWB productivity feature the
teacher transitioned between tasks and onscreen tools quickly during the 90- minute
block. There were five-six transitions during the course of the lesson. Students worked
through several tasks. Julia projected the Ti-84 calculator, but does not interact with its’
features using the IWB. Instead she placed the calculator underneath a HoverCam. A
HoverCam is document camera that uses live video and still images to present materials.
She used questions from the text to guide students through an informal process of
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determining the rate of change before they were introduced to the formula for calculating
rate of change.
Julia balanced teacher-centered and student-centered activities. For example, at
times Julia used the IWB for direct instruction and controlled tempo of the instruction. In
other segments of instruction Julia allowed students to control the tempo of the lesson.
Students were allowed to interject as she then assessed students’ understanding of the
content. Students worked at their desks individually and at times conferred with their
peers during instruction. Julia stood at the IWB and moved about the room while students
were working. She asked students questions about content projected onto IWB and
situated at students’ desks:
How is 100 expressed as a power of 10?
When the exponent of a power is an even number, can the value of the power ever
be a negative number? Why or why not?
Can all radical expressions be written as a power? Why or why not?
After the substitution, what did you do first to solve the equation for the value of
w?
During this lesson I observed students engaged two SMPs: MP1 and MP3. This lesson
did not provide a technology resource for this lesson.
Lesson 2: Boomerangs (Stage 2). Lesson 2 was a FAL (see Appendix L). The
focus of the lesson was to assess how well students were able to interpret a situation and
represent constraints and variables mathematically. Julia used the projector slides in the
curriculum materials. At the start of the lesson, students worked alone on the task
projected onto the IWB. Next, students were grouped, and engaged in a collaborative
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discussion about the task. The task included sample solutions to comment on and
evaluate.
In a whole-class discussion, students explained and compared solution strategies.
Julia spent more of her time interacting with the students, than standing at the IWB. At
times Julia would go to the IWB with a student individually, while the rest of the class
continued to work at their desks. At the conclusion of the lesson, students revised their
individual solutions, and communicated what they learned, reasoning clearly.
Julia asked questions about the content projected onto IWB and situated at students’
desks:
Have you used any unnecessary restrictions on the number of small and large
boomerangs to be made?
Can you organize the numbers of large and small boomerangs made in a
systematic way?
What would be sensible values to try? Why?
Can you now use a different method? For example, a table or graph, or algebra?
Is this method better than your original one? Why?
I observed students engaged in a range of SMPs: MP1, MP2, MP3, and MP4. The
curriculum did not provide a technology resource for this lesson.
Lesson 3: Transforming quadratics (Stage 3). In Lesson 3 Julia began the class
with a homework review. The activity was projected onto the IWB. Julia recorded
students’ responses using the annotation feature of the IWB. As student misconceptions
arose, Julia asked clarifying, scaffolded questions. Following the homework review,
iPads were distributed to each student for Kahoot!. Kahoot! is a game-based classroom
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response system designed to engage students through thoughtful questioning. The intent
is for students to develop ownership of their learning. Kahoot! content is delivered in
real-time, creating a social game-like environment. Julia set high expectations at the onset
of the game. The students were told the expectation was for every student to respond and
she would be able to see how well they were performing, regardless to whether they
earned top spots in the game.
Julia used the ‘drag n drop’ creation tool, to create and manage post-test questions
for the end of chapter review. After all students signed into Kahoot! The game began and
the students were engaged.
Student A: Can we do this all day?
Student B: Let’s play again!
Student C: I’m just a few points from the lead.
Julia used the data in real-time throughout the game for adaptive teaching. As she noticed
more than half of the students responded with an incorrect answer, she stopped and
flipped back to a blank workspace to work the problem and explain how to arrive at the
correct answer. Julia was provided a snapshot of each learner's current understanding
with the option of long-term progress tracking. At the conclusion of the lesson, Julia was
able to download the data as an Excel spreadsheet that contained each student’s name, a
record of the questions answered correctly and their answer choices. Missed questions
were highlighted in red and questions answered correctly were highlighted in green.
Students received immediate feedback on topics mastered, and topics they needed
additional practice.
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Following Kahoot!, the students continued work with translating quadratics in the
online curriculum materials projected onto the IWB. The teacher used the TI-84 Silver
on-screen calculator software to display a sequence of functions showing different
translations. Students replicated the teacher’s strokes using the calculators at their desks. I
observed students engaged in five SMPs: MP1, MP3, MP4, MP7 and MP8. Some
questions used to engage students in SMPs included:
Where is the graph of c(x) in relation to the graph of the basic function?
Does performing addition on the basic function raise or lower the graph of the
function?
Does performing multiplication by 21 on the argument of the basic function
reflect the graph over the x-axis or reflect the graph over the y-axis?
The class ended with a Check for Understanding from the curriculum materials and a
preview of the next lesson topic, factoring. Julia projected a video onto the IWB on
factoring to the tune of Teach me how to Dougie. The hook was Teach me how to factor.
The students exited the doors of the classroom excited about the next day’s lesson.
Student were singing the song and doing the dance featured in the video.
Case summary. First-order barriers for Julia were mostly related to organizational
culture. However, in the face of barriers she was able to exemplify I-TPACK beyond
supported didactic, and was one of two teachers that exemplify I-TPACK at the enhanced
interactivity stage. Julia was one of two teachers that had 6-10 years of experience. The
only other teacher sharing this profile was Libby, who was the only other teacher to
exemplify I-TPACK at the enhanced interactivity stage.
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Julia was one of two teachers that used teacher-centered instruction in at least one
lesson. She also made the least use of the non-linguistic representations during instruction
of all teachers. On the other hand, Julia was the only teacher to make use of a digital
gaming platform and one of two teachers to make use of hyperlinked text. Julia was also
one of three teachers to make use of screen-capture, real-time sharing, and maximize
spontaneous moments during instruction.
Libby. Libby had at least 6 years of teaching experience and has been employed
in the Posy County School District for 2 years at Thompson High School. Libby holds a
teaching certification in secondary mathematics, technology education, STEM, AP
calculus, AP statistics, and English. Libby was a knowledgeable IWB user.
Barriers. Libby reported negative perceptions of the organizational culture. Libby
did perceived a lack of support from peers, local and district administrators as lacking.
Libby did not report on professional development, because she did not participate in Posy
County IWB professional development. Libby received much of her technology training
prior to employment in Posy and through graduate studies. Libby experienced technology
at an early age. While her mother attended graduate courses she would sit in waiting
areas passing the time away, using any technology device available.
Libby perceived each aspect of self-efficacy favorably, as well the value of the IWB for
teaching and learning. Of all teachers in this study she reported the highest indicators,
“strongly agree”, on recalling the advantages of the IWB, designing lessons for IWB use,
and seeking out online resources. Libby reported the IWB was an integral medium for her
lesson; and that carrying on the lesson without the support of the IWB was not preferred.
Primary motivation for Libby’s IWB use was personal preference, student engagement,
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productivity, professional growth goals and student achievement. Libby was least
motivated by a fear of job loss.
I-TPACK. Libby’s use of the IWB reached the enhanced interactivity stage of ITPACK in every lesson observed (see Table 16). Some PCK strategies used in every
lesson included student-centered approach, chunking, pacing, student progress
monitoring, scaffolding, clarity of content, and eliciting student response. All other PCK
strategies were used at least one or more times with the exception of a teacher-centered
approach and digital gaming. I-TK affordances used in every lesson include annotation,
screen capture, and maximized spontaneous moments. All other I-TK strategies were
used in at least one or more lessons. I observed Libby teach three lessons in the months of
November and January.
Table 16
Summary of Observations for Libby
Mathematics
Course
Observed
AP Calculus

# of PCK
Strategies
Observed
8

# of I-TK
Affordances
Observed
3

I-TPACK Stage

Lesson 2:
Average Rate of
Change

AP Calculus

9

5

Enhanced
Interactivity
(Stage 3)

Lesson 3:
Trigonometric
Functions

Algebra III

8

4

Enhanced
Interactivity
(Stage 3)

Lesson 1:
Growth and Decay
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Enhanced
Interactivity
(Stage 3)

Lesson 1: Growth and decay (Stage 3). In Lesson 1 the goal of the lesson was to
help students apply and solve problems relating to exponential growth and decay. The
teacher created a flipchart using the SMART software on her Polyvision IWB. The
opening slide was a growing tree. The intent was to help students conceptualize growth
and decay. Next, Libby projected graphs, and tables onto the IWB as non-linguistic
representations. Students were given eight questions on which they had to describe the
graph created based on the function. As students worked at their desk, the teacher used
the extend screen feature of the IWB to organize the screenshots of the question onto the
IWB workspace. The extend screen feature provides more room at the bottom of a page,
extended vertically without affecting the page's width.
Students worked at their desk and came to the IWB to show their work. Students
were comfortable using the IWB, erasing, annotating, and changing the pen color. As the
students worked through the problems, the teacher used a SMART Slate she purchased
with her own money from eBay to cooperatively annotate student work. The SMART
Slate is to control computer applications and make notes on the IWB. The SMART
interactive pen can interact with the computer projected image from anywhere in the
classroom from up to 30 feet away. The IWB was used to annotate their work and engage
their peers “what if” questions segments. As the teacher listened in on student
discussions, she pulled up the on-screen Ti-84 graphing calculator input values as student
rationalized alternative theories, and made predications about solutions. Using the slate
paired with the IWB, Libby used the screen capture feature of the IWB to place a neatly
displayed, screen capture from the Ti-84 image from the calculator into the SMART
Notebook page where students were working. Students were able to see a side-by-side
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comparison of their theory and the actual solution. Students seated at their desks used the
example from the on-screen calculator to create their own graphical display using their
personal calculators. Students excitedly discussed the methods and strategies used to
complete the activity at their desk while other students worked at the IWB. Students at
their desks revised their thinking and made new connections to previously learned topics.
The teacher made intentional and strategic use of IWB affordances like annotation,
screen capture, and the spontaneous teacher moments.
Lesson 2: Average Rate of Change (Stage 3). Lesson 2 was a publication of Texas
Instruments. This lesson extended upon the students’ understanding of functions.
Students began to understand how function values are changed as input values changed.
The lesson began with a short video tutorial from calculushelp.com projected onto the
IWB. The purpose was to help students recall previous learning. Libby stopped after
segments of content and asked students questions. Students were asked to elaborate on
key concepts from the video. Libby projected the text of the lesson onto IWB and used a
TI-85 plus connected to a separate 32-inch LCD monitor. The calculator connected to the
monitor was used along with the text of the lesson so that the entire class could follow
along with the calculator functions at their desks. Students certainly took advantage of
this feature. One student was selected to input the calculator sequence. As he made
incorrect strokes, the students quickly corrected him. After enough hassle from the class,
the student quickly became more efficient.
Libby retrieved problems from Lesson 1 and placed them into the SMART
Notebook software. Inputting the text into the SMART Notebook allowed the text to be
manipulated onscreen, increasing and decreasing its size, and location as needed. With
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SMART Notebook, teachers can enhance instruction with automatic handwriting
recognition and conversion combined with intuitive text editing capabilities. The user can
edit, move, delete, modify or insert text objects without a keyboard. For example, as the
students’ responded to one question at the IWB, there was not enough room to keep the
work and the question in view at the same time. Rather than moving to a separate, new
blank page, Libby resized the question and some surrounding text so the problem could
remain in view. Students continued to generate ideas. As the lesson progressed, I
observed students engaged five SMPs: MP1, MP2, MP3, MP5, and MP6.
Lesson 3: Trigonometric Functions (Stage 3). Lesson 3 focused on angles and
angle measure. The IWB was used to project the online textbook. Students were seated in
pairs around the room. Each pair was given string to approximate the number of radians it
would take to form the circumference of circles in their textbook. As students worked
through the lesson, the teacher made use of I-TK features like annotation, animation, and
flipping back and forth between the SMART Notebook platform and the online textbook.
At times Libby copied and pasted images into the SMART Notebook for chunking and
scaffolding content. I observed Libby use an I-TK feature that was not on my observation
protocol, animation. Libby constructed cloze sentences to formatively assess students’
understanding midway through the lesson. As students responded to the questions, the
teacher touched the area where the word was missing and the answer appeared like
“magic”. Students were excited to trigger the animation feature by eagerly providing
responses to the remaining questions. Another IWB feature observed that was not on the
observation protocol was the handwriting recognition feature. As the teacher wrote on the
board, the text reshaped itself into typewritten text. Libby resized and placed the text in
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various positions on the board. Sometimes it would be placed in an area free from other
annotations or place to show multiple solutions and accompanying calculations.
Students worked problems at the IWB. As some students worked at the IWB,
others sat at their desks, looking onto the board, asking thoughtful questions. Libby has
exceptional technological knowledge and skill, but does not abandon other modalities of
learning like working with materials, using string to measure radians, using the tiles on
the floor and ceiling as a coordinate plane. She called four students from their desk to
come to the center of the room. On the classroom floor, a unit circle was plotted using the
floor tiles as a guide. Students took turns on this 45 square foot circle, measuring arcs. I
observed students engaged in six SMPs: MP1, MP2, MP3, MP4, MP5 and MP7.
Case summary. Libby was the only teacher that used I-TPACK at the enhanced
interactivity every lesson and one of two that used I-TPACK at the enhanced interactivity
stage at all. Of all participants, Libby used the most combinations of PCK and I-TK
affordances, consistently using at least eight PCK strategies and at least three I-TK
affordances every lesson. She was one of two teachers to make use of student progress
monitoring, hyperlinked text, and real time sharing in every lesson. Libby was one of
three teachers that used annotation in all lessons and the only teacher to maximized
spontaneous moments in every lesson.
I-TPACK in Strategies and Affordances
There were 21 lessons observed. The number of PCK strategies and I-TK
affordances observed were used to classify each lesson. Of all lessons in this study, 81%
moved beyond supported didactic. However, 62% of lessons observed exemplified the
interactive stage, while 19% exemplified enhanced interactivity. On average, the number
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of PCK strategies observed ranged from 6 to 9. The number of I-TK affordances ranged
from 0 to 4 (see Table 17).
Table 17
Summary of I-TPACK Lesson Classifications
I-TPACK Stage
Supported didactic

% of
Mean #of PCK
Lessons
Strategies
19%
6

Mean # of
I-TK Affordances
0

Interactive

62%

7

1

Enhanced Interactivity

19%

9

4

Some PCK and I-TK strategies and affordances were observed more frequently
than others. Not surprising, as the stage at which teachers exemplified I-TPACK
increased the number of PCK and I-TK strategies and affordances increased. The studentcentered approach was the only PCK strategy consistently observed in every lesson. It is
important to note, though a student-centered approach was observed in every lesson,
lessons classified as supported didactic lacked the use of a technological affordance of
the IWB. Comparatively, other PCK strategies frequently observed were chunking, and
pacing. These strategies were observed in 90% - 100% of lessons. Moderately used
strategies included student response, clarifying content, scaffolding, student progress
monitoring and shared feedback, observed 52% - 86% of all lessons. Strategies with low
occurrences were non-linguistic representations, teacher-centered approaches, and
digital-gaming. Digital gaming, teacher-centered instruction and non-linguistic
representations were observed in 10% - 40% of lessons of all lessons.
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I-TK affordances were observed less frequently than PCK strategies. The most
frequently observed I-TK affordance was annotations. Annotations were observed in 76%
of all lessons. Maximized spontaneous moments, screen capture, and hyperlinked text
were observed in 14% - 29% of all lessons. Real-time sharing was observed least in a
only 10% of all lessons (see Table 18).
Table 18
Summary of Strategies and Affordances Used to Enhance Instruction
% of Lessons

PCK Strategies
Student-Centered

100%

Chunking

95%

Pacing

90%

Clarity of Content

86%

Student Response Rates

86%

Scaffolding

76%

Student progress monitoring

67%

Shared Feedback

52%

Non-linguistic representations

40%

Teacher-Centered

14%

Digital Gaming

10%

I-TK Affordances
Annotations

76%

Maximized spontaneous moments

29%

Screen capture

24%

Hyperlinked text

14%

Real time sharing

10%
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Most lessons observed made use of chunking. Chunking yields the highest gains
in average percentile at 29 points. However, strategies like student progress monitoring
and non-linguistic representations were not used as frequently, which yield an average
percentile gains of 27 points. The table shows side-by-side the average percentile gain
and how often the strategy was observed in this study (see Table 19).
Table 19
Average Percentile Gains in Student Achievement and the Frequency of Observed Use
Average
Percentile Gain
29

% of Lessons
Observed
95%

Frequency

Student progress monitoring

27

67%

Moderate

Non-linguistic representations

27

40%

Low

Pacing

26

90%

High

Scaffolding

26

76%

Moderate

Student Response Rates

25

86%

Moderate

Clarity of Content

24

86%

Moderate

Chunking

High

I-TK affordances varied from lesson to lesson observed. There was no one I-TK
affordance used in all 21 lessons observed. Relative to PCK strategies, I-TK affordances
had only moderate to low occurrences. Annotations were observed at a moderate rate
while hyperlinked text, screen capture, real-time sharing, and maximized spontaneous
moments were observed in fewer than 30% all lessons. Teachers exemplified aspects of ITPACK for many general PCK practices, but overall made little use of I-TK affordances.
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Frequency of IWB use. Libby, Deanna, Latoya, Julia, and Bailey used the IWB 5
days per week. Tammy used the IWB about 3-4 days a week, and Wilma used the IWB
1-2 days per week. The frequency of IWB use and the I-TPACK exemplified was
compared (see Table 20).
Table 20
NVivo Reference Context for Frequency of IWB Use

Libby

Frequency of
IWB Use
High

Julia

High

I-TPACK

Reference Context

Enhanced
Interactivity
(Stage 3)

1. Polyvision IWB installed
2. Technology used: Interactive
whiteboard; Tablet devices (iPads,
Chrome books, Kindle etc.);
Smartphone (iPhone, Galaxy, HTC,
etc.); Laptop; LCD projector
3. 5 days per week of IWB use.

Interactivity
(Stage 2)

1. Polyvision IWB installed
2. Technology used: Interactive
whiteboard; Tablet devices (iPads,
Chrome books, Kindle etc.);
Smartphone (iPhone, Galaxy, HTC,
etc.); Laptop; LCD projector
3. 5 days per week of IWB use

Enhanced
Interactivity
(Stage 3)
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Table 20 (continued)
Latoya

High

Interactivity
(Stage 2)

1. Promethean IWB installed
2. Technology used: Interactive
whiteboard; Tablet devices (iPads,
Chrome books, Kindle etc.);
Smartphone (iPhone, Galaxy, HTC,
etc.); Laptop; LCD projector
3. 5 days per week of IWB use

Wilma

Low

Interactivity
(Stage 2)

1. Promethean IWB installed
2. Technology used: Interactive
whiteboard; Tablet devices (iPads,
Chrome books, Kindle etc.);
Smartphone (iPhone, Galaxy, HTC,
etc.); Laptop; LCD projector
3. 1-2 days per week of IWB use

Deanna

High

Supported
Didactic
(Stage 1)

1. Promethean IWB installed
2. Types of technology used:
Interactive whiteboard; Smartphone
(iPhone, Galaxy, HTC, etc.);
Laptop; LCD projector
3. 5 days per week of IWB use

Interactivity
(Stage 2)
Bailey

High

Supported
Didactic
(Stage 1)
Interactivity
(Stage 2)

Tammy

Moderate

Supported
Didactic
(Stage 1)
Interactivity
(Stage 2)
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1. Promethean IWB installed
2. Technology used: Interactive
whiteboard; Smartphone (iPhone,
Galaxy, HTC, etc.); Laptop; LCD
projector
3. 5 days per week of IWB use
1. Promethean IWB installed
2. Technology used: Interactive
whiteboard; Laptop; LCD projector
3. 3-4 days per week of IWB use

There was no evidence that suggests a relationship between the frequency of IWB
use and the stage at which teachers exemplified I-TPACK. For example, Libby, Julia,
Latoya, Deanna, and Bailey reported a high frequency of IWB use. Lessons observed
ranged from supported didactic (stage 1) to enhanced interactivity (stage 3). Tammy used
the IWB at a moderate rate, lessons ranged from supported didactic (stage 1) to the
interactive stage (stage 2). Wilma used the IWB least and exemplified I-TPACK at the
interactive stage (stage 2) consistently.
Research Question Two: What first-order and second-order barriers to technology
integration exist in one school district?
To address this research question each theme and sub-theme was examined as a
whole and then independently. In this section the findings will first be presented as an
overview and then followed in context for comparison theme-by-theme (i.e.
organizational culture, high-quality professional development etc.), and sub-theme-bysub-theme (i.e. negative, positive and neutral perceptions). Most tables in this section will
use the terms sources and references. Teachers represent the sources and the references
are aligned to e-survey interview indicators or observation protocol. It is import to the
note that the quantity of sources and references in the overview does not place the
importance of one barrier over the other, however when the quantities assigned to the
sub-themes are indicative of significance.
First-Order Barriers to I-TPACK Development in Posy
First-order barriers examined in this study were organizational culture and the
professional development. There were four indicator statements that measured
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organizational culture and six that examined adult learning values as indicators of highquality professional development. There were seven sources that made 31 references
organizational culture, and six sources that reported 32 references to adult learning values
as indicators of high-quality professional development (see Table 21).
Table 21
NVivo Coding Framework Analysis: First-Order Barriers in Posy Overview
Theme/Sub-theme

# of
Teachers Reporting
7

# of
References
31

Negative Perception

7

18

Neutral

2

3

Positive Perception

7

10

IWB Professional Development

6

32

Negative Perception

3

14

Neutral

3

6

Positive Perception

3

12

Organizational Culture

7

31

Negative Perception

7

18

Neutral

2

3

Positive Perception

7

10

Organizational Culture

Perceptions of Organizational Culture. Teachers’ perceptions of organizational
culture were mixed all teachers held a negative perception of one or more indicator of
organizational culture, six teachers reported positive perceptions on one or more indicator
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of organizational culture, and two reported neutral positions on one or more indicators.
Overall there were more references to negative perceptions of organizational culture than
positive.
Positive. All teachers agreed that the IWB was positioned for use with the
Internet. In the case of Wilma, Latoya and Julia, they each agreed that teachers in their
school provided IWB technical support (see Table 22).
Table 22
NVivo Reference Context for Positive Perceptions Related to Organizational Culture
References

Reference Context

Wilma

2

1. Teachers in my local school provide IWB technical
support
2. The IWB is positioned for use with the internet.

Latoya

2

1. Teachers in my local school provide IWB technical
support
2. The IWB is positioned for use with the internet.**

Julia

2

1. Teachers in my local school provide IWB technical
support
2. The IWB is positioned for use with the internet.**

Deanna

1

1. The IWB is positioned for use with the internet.**

Tammy

1

1. The IWB is positioned for use with the internet.

Libby

1

1. The IWB is positioned for use with the internet.

Bailey

1

1. The IWB is positioned for use with the internet.

**Strongly agree
Neutral. Deanna and Tammy were the only teachers that perceived some
indicators of organizational culture neutral. Both cited their peers provided support with
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regard to the use of IWB to enhance student learning. However, there were differences
between Deanna and Tammy related to district support and the positioning the IWB in
the classroom (see Table 23).
Table 23
NVivo Reference Context for Neutral Perceptions Related to Organizational Culture
References

Reference Context

Tammy

2

1. Teachers in my local school provide support in using the
IWB to enhance student learning
2. District administrators take an active role in providing
IWB support

Deanna

1

1. Teachers in my local school provide support in using the
IWB to enhance student learning

Negative. All teachers perceived their local school and district administrators did
not take an active role in providing IWB support (see Table 24).
Tammy: So it’s not just the matter of me wanting to use it, it’s a matter of
my administrator (school) recognizing the value and then providing
feedback, good concrete type of suggestions for me to use.
Latoya: Administrators (district) don’t believe they should have to ask us
to use technology or support us because I expect it will get to the point
teachers will be replaced if they don’t use technology. So we have to learn
on our own. Because quite frankly that is the way we teach now and that is
the way that it has to be.

119

Table 24
NVivo Reference Context for Negative Perceptions Related to Organizational Culture
References

Reference Context

Bailey

4

1. Teachers in my local school provide support in
using the IWB to enhance student learning
2. Teachers in my local school provide IWB technical
support
3. My school administrators take an active role in
providing IWB support.
4. District administrators take an active role in
providing IWB support

Libby

4

1.
2.
3.
4.

Teachers in my local school provide support in
using the IWB to enhance student learning
Teachers in my local school provide IWB technical
support
My school administrators take an active role in
providing IWB support.
District administrators take an active role in
providing IWB support

Deanna

3

1. Teachers in my local school provide IWB technical
support
2. My school administrators take an active role in
providing IWB support
3. District administrators take an active role in providing
IWB support

Latoya

2

1. My school administrators take an active role in
providing IWB support**
2. District administrators take an active role in providing
IWB support District administrators take an active
role in providing IWB support**

Wilma

2

1. My school administrators take an active role in
providing IWB support
2. District administrators take an active role in providing
IWB support
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Table 24 (continued)
Julia

2

1. My school administrators take an active role in
providing IWB support
2. District administrators take an active role in providing
IWB support

Tammy

1

1. My school administrators take an active role in
providing IWB support

**Strongly disagree

Perceptions of Professional Development. Adult learning values were used as
indicators of the high-quality professional development. There were six teachers that
made 32 references to adult learning theory as indicators of high-quality professional
development. Results among teachers were mixed. Three teachers made positive
references to their professional development experience, three made neutral references to
their professional development experience, and three reported negative references to their
professional development experience. Three teachers reported 14 negative references on
indicators high-quality professional development. Three teachers reported 6 neutral
references, and three teachers reported 12 positive references to indicators high-quality
professional development.
Julia, Wilma, Bailey, Deanna, Latoya and Tammy participated in training
organized either by the company that supplied the IWB, or a central office technology
administrator. Some teachers did not know who was responsible for PD they had
received:
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Bailey: I don’t know if the technology administrator gets training from the
company themselves or if she is just smart enough to pick it up on her own. I’m
really not sure who trains her.
Latoya: The technology administrator told me to lead it ...It was just me…that
was the first year that I got it (referring the IWB) I was asked to come to the board
and show the group some of the things that I do…. that was the only professional
development that I had and I practically trained myself.
Julia: I think just playing with it I learned a lot more. Like I can watch you do it
all day long...but...
Tammy: I’ve never been trained…It’s just taking time to figure it out.
Libby: I believe we have more equipment than we have had time to train on
There were some indicators of high-quality professional development on which teachers
provided no response, offering an alternate explanation as on why they perceived the
indicator was not applicable (see Table 25). Libby and Latoya was the only teacher that
marked “not applicable” on professional development indicators. Libby explained that
she had not participated in any professional development in Posy County. Latoya
explained she didn’t feel confident enough to mark a response.

122

Table 25
Indicators Marked “N/A” on IWB Professional Development
References

Indicator Statement

Libby

6

1.
2.
3.
4.

IWB PD is ongoing
IWB PD included accessing a variety of IWB features
IWB PD sessions include opportunities to learn by doing
IWB PD provided opportunity for group collaboration on
use
5. IWB PD provides opportunities to reflect on my IWB use
6. IWB PD provides opportunities to reflect on my IWB use

Latoya

1

1. IWB PD included accessing a variety of IWB features

Positive. Deanna, Latoya, and Bailey made positive references to the quality of
their of professional development experience. All agreed their professional development
experiences included a facilitator that provided information that could be used in their
classroom immediately and opportunities to learning by doing. Deanna made the most
positive references to her professional development experience. She was the only teacher
to report that her professional development experiences had been ongoing. On the other
hand, Latoya was the only teacher to report her professional development experience
provided time to reflect on her use of the IWB for instruction. Bailey reported the least
number of positive references and agreed with confidence on two of three experiences,
citing information for immediate use and accessing a variety of IWB features (see Table
26).

123

Table 26
NVivo Reference Context for Positive Perceptions of IWB Professional Development
References

Reference Context

Deanna

5

1. IWB professional development (PD) is ongoing**
2. IWB PD facilitators presented information I can use in my
classroom immediately
3. PD included accessing a variety of IWB features
4. IWB PD provided opportunity for group collaboration on
use
5. IWB PD sessions include opportunities to learn by doing

Latoya

4

1. IWB PD facilitators presented information I can use in my
classroom immediately
2. IWB PD sessions include opportunities to learn by doing **
3. IWB PD provided opportunity for group collaboration on
use
4. IWB PD provides opportunities to reflect on my IWB use

Bailey

3

1. IWB PD facilitators presented information I can use in my
classroom immediately **
2. IWB PD sessions include opportunities to learn by doing
3. PD included accessing a variety of IWB features **

**Strongly agree
Neutral. Tammy, Latoya, and Bailey reported a neutral position on some
indicators related to their professional development experience. The indicators on which
they differed varied. Tammy reported the most neutral references to her professional
development experience. However all reported neutral positions on professional
development experiences including opportunity for group collaboration, opportunity to
learn by doing, and accessing a variety of IWB features. Latoya was the only teacher to
report a neutral position regarding professional development being ongoing (see Table
27).
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Table 27
NVivo Reference Context for Neutral Perceptions of IWB Professional Development
References

Reference Context

Tammy

4

1. IWB PD included accessing a variety of IWB
features
2. IWB PD sessions include opportunities to learn by
doing
3. IWB PD provided opportunity for group
collaboration on use
4. IWB PD provides opportunities to reflect on my
IWB use

Deanna

1

1. IWB PD provides opportunities to reflect on my
IWB use

Latoya

1

2. IWB professional development (PD) is ongoing

Negative. All teachers that reported negative references to their professional
development experience agreed that professional development was not ongoing, nor did it
provide opportunities to collaborate with peers. Julia and Wilma made the most negative
references to their professional development experiences. The only difference between
Julia and Wilma was that Julia did not perceive she was provided an opportunity to
reflect on her use of the IWB (see Table 28).
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Table 28
NVivo Reference Context for Negative Perceptions of IWB Professional Development
Julia

References
6

1.
2.
3.
4.
5.

Wilma

5

Bailey

3

**Strongly disagree

Reference Context
IWB professional development (PD) is ongoing
IWB PD facilitators presented information I can use in
my classroom immediately
PD included accessing a variety of IWB features
IWB PD sessions include opportunities to learn by doing
IWB PD provided opportunity for group collaboration on
use

6. IWB PD provides opportunities to reflect on my IWB use
1. IWB professional development (PD) is ongoing
2. IWB PD facilitators presented information I can use in
my classroom immediately
3. PD included accessing a variety of IWB features
4. IWB PD sessions include opportunities to learn by doing
5. IWB PD provided opportunity for group collaboration on
use
1. IWB professional development (PD) is ongoing
2. IWB PD provided opportunity for group collaboration on
use
3. IWB PD provides opportunities to reflect on my IWB use

Second-Order Barriers to I-TPACK Development in Posy
The second-order barriers in this study examined teachers’ beliefs. Teachers’
beliefs included a combination of teachers’ expectancy-value of the IWB for instruction
and teachers’ self-efficacy, whether true or perceived as it relates to the technological
skill set needed to use the IWB. The e-survey interview encompassed 19 indicators that
examined teachers’ beliefs. There were 8 indicators that examined teachers’ self-efficacy
and 11indicators that examined teachers’ expectancy-value of the IWB for instruction.
Overall teachers made 193 references on beliefs (see Table 29).
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Table 29
NVivo Coding Framework Analysis: Second-Order Barriers in Posy Overview
Themes/Sub-themes

# of Teachers
Reporting
7

# of References

Self Efficacy
Positive Perception
Neutral
Negative Perception

7
7
4
6

54
39
5
10

Expectancy-Value of the IWB
Positive Perception
Neutral
Negative Perception

7
7
4
5

80
52
9
19

Teachers’ Beliefs
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Perceptions of Self-Efficacy. Teachers made 54 references to IWB self-efficacy.
There were seven teachers that made 39 positive references to self-efficacy, four teachers
that expressed a neutral position and six that referenced aspects of their self-efficacy
negatively. Overall, there were more positive perceptions of self-efficacy than negative
perceptions.
Positive. All teachers reported strong confidence when using the IWB, using the
IWB features to enhance instruction often, and using the IWB to challenge students to
work and think. Teachers found the IWB easy to use and were able to troubleshoot
technical difficulties without heavily relying on district technology staff. Tammy reported
the most positive references to her self-efficacy, though none with confidence. On the
other hand, Julia, Libby and Bailey, reported some indicators of self-efficacy with
confidence. All agreed with confidence regarding the ease of IWB use. Bailey and Libby
cited their lesson design frequently included the use of the IWB.
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Of all teachers, Julia referenced the most indicators with confidence related to her
self-efficacy. Julia cited exuding confidence while using the IWB, accessing a variety of
IWB features, and the use of IWB to support instruction that challenges students to work
and think. On the other hand, Libby was the only teacher that confidently agreed that
resources were sought out online to increase her knowledge of the IWB use (see Table
30).
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Table 30
NVivo Reference Context for Positive Perceptions of Teachers’ Self-Efficacy
Tammy

References
7

1.
2.
3.
4.
5.
6.
7.

Reference Context
I exude confidence using the IWB
I often use the interactive features of the board to
enhance instruction. (pens, touch, screenshot, flip
charts, clickers etc.)
I often use the IWB to support instruction that
challenges students to work and think
I can carry on my lessons just fine without the use
of the IWB
I frequently design lessons to include the IWB
I often seek online resources to increase my
knowledge of IWB use
I find the IWB easy to use

Libby

6

1. I exude confidence using the IWB
2. I often use the interactive features of the board to
enhance instruction. (pens, touch, screenshot, flip
charts, clickers etc.)
3. I often use the IWB to support instruction that
challenges students to work and think
4. I frequently design lessons to include the IWB **
5. I often seek online resources to increase my
knowledge of IWB use **
6. I find the IWB easy to use **

Wilma

6

1. I exude confidence using the IWB
2. I often use the interactive features of the board to
enhance instruction. (pens, touch, screenshot, flip
charts, clickers etc.)
3. I often use the IWB to support instruction that
challenges students to work and think
4. I can carry on my lessons just fine without the use
of the IWB
5. I often seek online resources to increase my
knowledge of IWB use
6. I find the IWB easy to use
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Table 30 (continued)
Deanna

6

1. I often use the interactive features of the board to
enhance instruction. (pens, touch, screenshot, flip
charts, clickers etc.)
2. I often use the IWB to support instruction that
challenges students to work and think
3. I rely heavily on district technology staff to
troubleshoot IWB technical difficulties
4. I can carry on my lessons just fine without the use of
the IWB
5. I frequently design lessons to include the IWB
6. I often seek online resources to increase my knowledge
of IWB use

Bailey

6

1. I exude confidence using the IWB
2. I often use the IWB to support instruction that
challenges students to work and think
3. I can carry on my lessons just fine without the use of
the IWB
4. I frequently design lessons to include the IWB **
5. I often seek online resources to increase my knowledge
of IWB use
6. I find the IWB easy to use **

Julia

5

1. I exude confidence using the IWB **
2. I often use the interactive features of the board to
enhance instruction. (pens, touch, screenshot, flip
charts, clickers etc.) **
3. I often use the IWB to support instruction that
challenges students to work and think **
4. I frequently design lessons to include the IWB
5. I find the IWB easy to use**

Latoya

3

1. I exude confidence using the IWB
2. I often use the interactive features of the board to
enhance instruction. (pens, touch, screenshot, flip
charts, clickers etc.)
3. I often use the IWB to support instruction that
challenges students to work and think

**Strongly agree
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Neutral. There were four teachers that reported a neutral position on indicators
related to self-efficacy. The indicators reported having a neutral position varied among
teachers. Teachers cited the ease of IWB use, confidence while using the IWB, the use of
online resources to increase knowledge of IWB use, and the ability to carry on a lesson
just fine without the support of the IWB (see Table 31).
Table 31
NVivo Reference Context for Neutral Perceptions of Teachers’ Self-Efficacy
Deanna

Reference
2

Reference Context
1. I exude confidence using the IWB
2. I find the IWB easy to use

Julia

1

1. I often seek online resources to increase my
knowledge of IWB use.

Bailey

1

1. I often use the interactive features of the board to
enhance instruction. (pens, touch, screenshot, flip
charts, clickers etc.)

Libby

1

1. I can carry on a lesson just fine without the use of the
IWB.

Negative. All teachers reported not heavily relying on district technology staff to
troubleshoot IWB technical difficulties. Markedly, Libby was the only teacher to
confidently express not heavily relying on district technology staff to troubleshoot IWB
technical difficulties. Latoya reported the most negative references to her self-efficacy,
with 4 of 5 references reported with confidence. Latoya cited indicators such as carrying
on a lesson without the support of an IWB just fine, the frequent design of lessons that
include the IWB, seeking online resources to increase knowledge, and reliance on district
technology staff to troubleshoot technical difficulties (see Table 32).
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Table 32
NVivo Reference Context for Negative Perceptions of Teachers’ Self-Efficacy
Reference
5

Latoya

1.
2.
3.
4.
5.

Julia

2

Deanna

1

Tammy 1
Bailey

1

Libby

1

** Strongly disagree

Reference Context
I can carry on my lessons just fine without the use of the
IWB **
I frequently design lessons to include the IWB **
I often seek online resources to increase my knowledge of
IWB use **
I find the IWB easy to use
I rely heavily on district technology staff to troubleshoot
IWB technical difficulties. **

1. I rely heavily on district technology staff to troubleshoot
IWB technical difficulties.
2. I can carry on a lesson just fine without the use of the IWB
1. I rely heavily on district technology staff to troubleshoot
IWB technical difficulties.
1. I rely heavily on district technology staff to troubleshoot
IWB technical difficulties.
1. I rely heavily on district technology staff to troubleshoot
IWB technical difficulties.
1. I rely heavily on district technology staff to troubleshoot
IWB technical difficulties.

Perceptions of the Expectancy-Value of the IWB. To conceptualize the
expectancy-value of the IWB for teaching and learning, teachers were asked to report to
what degree indicators motivated them to use the IWB. Teachers reported 80 references
to 13 indicators related to the expectancy-value of the IWB for teaching and learning. All
teachers reported at least five positive perceptions of the expectancy-value of the IWB for
teaching and learning. On some indicators teachers took a neutral position others were
reported negatively. Four teachers made nine neutral references to the expectancy-value
of the IWB for teaching and learning, while six teachers made 19 negative references to
the expectancy-value of the IWB for teaching and learning.
132

Positive. There were 52 positive references to the value of IWB use for teaching
and learning. Teachers valued different aspects of the IWB for teaching and learning. The
indicators on which teachers’ agreed were student achievement, student engagement,
aspirations for professional growth, and personal preference. Julia and Bailey were the
only teachers that reported teacher evaluation ratings motivated their use of the IWB.
Bailey: I know the evaluations that I have gotten since it (IWB) has been in, both
Dr. Pardon and the Assistant Principal have come in and commented that they are
glad that I am using the technology.
Bailey, Libby, Julia, Deanna and Latoya reported with confidence that the IWB
was useful. Bailey, Julia, Libby and Deanna reported the IWB increased student
engagement. Bailey, Julia, and Libby reported with confidence that IWBs attribute to
raising student achievement and increasing productivity. Latoya and Deanna were the
only teachers strongly motivated by their professional growth goals (see Table 33).
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Table 33
NVivo Reference Context for Positive Expectancy-Value of the IWB
Reference
11

Reference Context
1. I can recall the advantages for using IWBs for
instruction
2. I find the IWB useful **
3. Personal preference
4. Student engagement **
5. Teacher evaluation ratings
6. Productivity (ease of use) **
7. Professional growth goals
8. Local school expectations **
9. District expectations **
10. Student achievement **
11. State-wide expectations

Julia

10

1. I can recall the advantages for using IWBs for
instruction
2. I find the IWB useful **
3. Personal preference **
4. Student engagement **
5. Teacher evaluation ratings
6. Productivity **
7. Professional growth goals **
8. Local school expectations
9. Student achievement **
10. State-wide expectations

Libby

7

1. I can recall the advantages for using IWBs for
instruction **
2. I find the IWB useful **
3. Personal preference **
4. Student engagement **
5. Productivity **
6. Professional growth goals
7. Student achievement **

Bailey
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Table 33 (continued)
Tammy

7

1. I can recall the advantages for using IWBs for
instruction
2. I find the IWB useful
3. Personal preference
4. Student engagement
5. Productivity
6. Professional growth goals
7. Student achievement

Deanna

7

1. I can recall the advantages for using IWBs for
instruction
2. I find the IWB useful
3. Personal preference
4. Student engagement
5. Productivity
6. Professional growth goals **
7. Student achievement
8. State-wide expectations

Latoya

5

1.
2.
3.
4.
5.
6.

**Strongly agree

I find the IWB useful **
Personal preference **
Student engagement **
Productivity **
Professional growth goals **
Student achievement **

Neutral. Four teachers, Latoya, Julia, Tammy and Bailey, reported certain
indicators of their expectancy-value of IWBs neutral. State and district expectations, and
fear of job reported neutral most. Teachers cited teacher evaluation ratings, local, district
and state expectations, and fear of job loss (see Table 34).
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Table 34
NVivo Reference Context for Neutral Expectancy-Value of IWB
Reference
4

Latoya

1.
2.
3.
4.

Reference Context
Teacher evaluation ratings
Local school expectations
District expectations
State-wide expectations

Julia

2

1. Fear of job loss
2. District expectations

Tammy

2

1. Local expectations
2. State-wide expectations

Bailey

1

1. Fear of job loss

Negative. All teachers with the exception of Julia reported at least one or more
indicators negative on the value of IWB for teaching and learning. There were 23
references to indicators that least motivated teachers to use the IWB. Teachers cited fear
of job loss, teacher evaluation ratings, professional growth goals, and local, district and
state expectations. Indicators teachers reported more confidently than others were
recalling the advantages of the IWB, fear of job loss, teacher evaluation ratings, and
district expectations. Wilma, Libby Tammy, and Deanna reported they were not
motivated by teacher evaluation ratings or district expectations.
All teachers with the exception of Tammy reported they were not motivated to
use the IWB for fear of job loss. Wilma was the only teacher that reported not being
motivated by professional growth goals and Latoya was the only teacher to report not
being able to recall the advantages of using the IWB for instruction. Tammy was the only
teacher to confidently report teacher evaluation ratings and district expectations were not
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motivations for her IWB use. Libby and Latoya agreed with confidence, fear of job loss
was not a motivation for their IWB use (see Table 35).
Table 35
NVivo Reference Context for Negative Expectancy-Value of the IWB
Wilma

References
6

1.
2.
3.
4.
5.
6.

Reference Context
Fear of job loss
Teacher evaluation ratings
Professional growth goals
Local school expectations
District expectations
State-wide expectations

Libby

5

1.
2.
3.
4.
5.

Fear of job loss **
Teacher evaluation ratings
Local school expectations
District expectations
State-wide expectation

Deanna

4

1.
2.
3.
4.

Fear of job loss
Teacher evaluation ratings
Local school expectations
District expectations

Latoya

2

1.

I can recall the advantages for using IWBs for
instruction **
Fear of job loss **

2.
Tameka

2

**Strongly disagree

1. Teacher evaluation ratings **
2. District expectations **

In summary, both first-order and second-order barriers persist among secondary
mathematics teachers in Posy. Case by case, first-order and second-order barriers that
persist varied from teacher to teacher. However, collectively Posy teachers reported firstorder barriers persist more strongly than those related to second-order barriers.
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Research Question Three: How might first-order and second-order barriers to
technology integration affect how teachers exemplify I-TPACK in one school
district?
Teacher Support Needs
Teachers in Posy exemplified I-TPACK at varying stages. However, case-bycase, each teacher shared a different combination of perceived barriers to technology
integration, and motivations for IWB use (see Table 36).
Table 36
Teachers’ Perceived Barriers, Expectancy-Value, and I-TPACK
Perceived Barriers
Tammy

Bailey

First-order
School administrator
support
Second-order
None
First-order
Peer support
School administrator
support
Ongoing PD
PD group collaboration
PD Reflection on use
Second-order
None

Expectancy-Value of
IWB
Personal preference
Student engagement
Productivity
Professional goals
School expectations
Student achievement

I-TPACK
Interactivity
(Stage 2)
Enhanced
Interactivity
(Stage 3)

Personal preference
Supported Didactic
Student engagement**
(Stage 1)
Teacher Evaluation
Productivity**
Interactive
Professional goals
(Stage 2)
School expectations**
District expectations**
Student achievement**
State expectations
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Table 36 (continued)
Deanna

First-order
District support
Second-order
None
PD Reflection on use

Personal preference
Student engagement
Teacher Evaluation
Productivity
Professional goals**
School expectations
District expectations
Student achievement
State expectations

Supported Didactic
(Stage 1)
Interactive
(Stage 2)

Latoya

Personal preference**
First-order
School administrator**
Student engagement**
District support**
Productivity**
Professional goals**
Second-order
IWB lesson design**
Student achievement**
Online resource support**

Interactive
(Stage 2)

Wilma

Personal preference
First-order
School administrator
Student engagement
support
Teacher Evaluation
Ongoing PD
Productivity
IWB features for
Student achievement
immediate use
PD accessing IWB features
PD learning by doing
PD group collaboration
Second-order
IWB lesson design

Interactive
(Stage 2)
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Table 36 (continued)
Julia

First-order
School administrator
Ongoing PD
IWB features for immediate
use
PD accessing IWB features
PD learning by doing
PD group collaboration
PD reflection of use
Second-order
IWB feature use
Advantage recall
Frequent IWB lesson design

Personal preference**
Interactive
Student engagement**
(Stage 2)
Teacher Evaluation
Productivity**
Enhanced Interactivity
Professional goals**
(Stage 3)
School expectations
District expectations
Student achievement**
State expectations

Libby

None

Personal preference** Enhanced Interactivity
Student engagement**
(Stage 3)
Productivity**
Professional goals
Student achievement**

**Strongly agree
In another case, Deanna perceived district support negatively. One of her
motivations to use the IWB was related to district expectations. Deanna’s motivation to
use the IWB was linked to a barrier she perceived related to district support and she too
exemplified at least one or more lessons at the supported didactic stage. A similar trend
was true for Latoya and Wilma. Each perceived barriers to technology integration,
however, none of them were linked to their expectancy-value of IWBs. For example
Latoya perceived school administrator support and district administrator support
negatively; however she does not report school or district expectations were motivations
for her use of the IWB. Each of Latoya’s lessons was consistently at the interactive stage,
with none at the supported didactic or the enhanced interactivity stage. Likewise, Wilma
also perceived a number of barriers she perceived negatively, however, none were linked
140

to her expectancy-value of IWBs. Each of Wilma’s lessons was consistently at the
interactive stage, with none at the supported didactic or the enhanced interactivity stage.
Oddly, something different happened in the case of Julia and Libby. Julia was one
of two teachers to reach enhanced interactivity in at least one lesson. She reported as
many barriers to technology integration as the other teachers, but twice as many
motivations to use the IWB. However, among those motivations to use the IWB, a lack of
school expectation was perceived as a barrier to IWB integration, closely linked to the
lack of school administrator support reported. Despite the lack of school expectations to
use the IWB for instruction and administrator support, Julia managed to exemplify one
lesson at the enhanced interactivity stage. This was not the case for Tammy and Bailey
whereas one of their motivations to use the IWB was closely linked to a barrier
perceived. Nonetheless, it was important to note in Julia’s case district expectations was
perceived as a motivation for IWB use and was met, having reported district support
positively. Libby did not perceive any barriers to technology integration and was
primarily motivated by factors not heavily reliant on extrinsic sources like school,
district, state, and administrator support. With no barriers perceived and intrinsic
motivations to use the IWB, Libby was able to exemplify enhanced interactivity in every
lesson observed in this study.
An increase of use in either PCK or I-TK strategies in some lessons was the
difference between being classified as an interactive lesson or an enhanced interactivity
lesson. Teachers’ response to the less frequented I-TPACK strategies and affordances
were related to teachers’ motivations for use and expectancy-value of the IWB teaching
and learning, particularly they cited personal preference or perception of students needs:
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Libby: At this level of rigor it’s hard to find games. I don’t think this age group
would be that interested. I do wish we had the Navigator program that allows me
to distribute work digitally and it grade the responses for me. I can see student
work in real-time. We should look into that. (AP calculus)
Tammy: I just don’t do games, I have so much to cover in the curriculum, we
really don’t have time. (Grade 6 and 7 mathematics)
Wilma: I just don’t. (Grade 7 and 8 mathematics)
Deanna: No, just hadn’t. (geometry, algebra II, and pre-calculus)
Teachers felt their students were not interested in certain IWB strategies and
affordances. Some teachers did not provide an answer beyond that it was a personal
preference. Other teachers pointed to initiatives that competed for instructional time like
district curriculum pacing guides, implementing the Common Core, and standardized test
preparation. There was no evidence to suggest the relationship between the frequency of
IWB use and I-TPACK exist. There were teachers that used the IWB equally much as
another teacher and reached different stages of I-TPACK. For example, like other
teachers in this study, Libby used the IWB every day, but was the only teacher to reach
enhanced interactivity in all three lessons. Latoya and Deanna also used their IWB every
day, but did not reach enhanced interactivity once. Unsurprising, how teachers
exemplified I-TPACK was most closely linked to first-order and second-order barriers.
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Research Question Four: What support needs remain to be addressed to effectively
promote and develop teachers’ I-TPACK demonstrations beyond supported
didactic in one school district?
The conceptual framework in this study was used to illustrate conceptualized
connections between I-TPACK and first-order and second-order barriers to explain
through research and teachers’ world view how I-TPACK is exemplified in one school
district. There were a number of connections supported by the findings in this study,
others were not supported, and some that were discovered unexpectedly in the findings
(see Figure 3).

Figure 3.
*Note.

Revised Conceptual Framework for I-TPACK Development.
Changes in the framework
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Tier 1: I-TPACK and User Dispositions Findings
Tier I of the initial framework presumed there were two types of IWB users. The
findings of this study do not support that there are two types of IWB users. Only
knowledgeable IWB users were identified. However, this is not suggest the cases of
limited users do not exist as according to Brunner (1992). The secondary mathematics
teachers in this study overcame first-order barriers to use the IWB in ways they perceived
as meaningful, though not as the highest stages of use with regard to using the IWB to
teach mathematics. On average teachers used 8 of 11 pedagogical strategies to engage
instruments in mathematics instruction (i.e. student-centered learning, high-level thing,
use of the IWB as a learning tool, small project-based tasks such as FALs). Overall,
teachers’ expectancy-value of the IWB to was support student engagement, interest, and
achievement in mathematics was positive. (e.g. IWBs can support student engagement,
increase student achievement etc.). Further, teachers reported that the IWB was a useful
teaching tool affording multiple representations of mathematical content more efficiently
(i.e. improving productivity, used in a way to challenge students to work and think etc.).
Teachers also reported high-levels of self-efficacy on most indicators (e.g. I exude
confidence while using the IWB, make use of the interactive features of the board such as
active pens, touch, screen-capture, flip charts, clickers, and provide instruction that
challenges students to work and think, and design lessons).
Tier 2: Barriers to I-TPACK Findings
Tier 2 of the initial framework presumed that knowledgeable users did not
content with first-order barriers. The findings do not support this presumption. The
findings suggest that knowledgeable users continue to contend with deficiencies related
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to both first-order and second-order barriers in a way that is cyclical and non-directional.
For example, there were teachers that advanced to Tier 3 of the framework due to their
reported technological skill level, however, some fell short of enhanced interactivity for
several reasons. The data suggest that possible reasons are related to their beliefs, low
self-efficacy and low expectancy-value of the IWB and their students, as well as a lack of
local and district administrator support and peer support. These knowledgeable users also
cited several professional development experiences that lack key indicators of highquality professional development. Therefore, using the IWB effectively to teach
mathematics is ongoing and never a one directional movement toward masters. Even the
knowledgeable user must navigate in, about, and between both first-order and secondorder barriers to achieve enhanced interactivity in the mathematics classroom.
In the absence of perceived barriers one teacher in this study was able to
exemplify enhanced interactivity in every lesson. However, support needs remain to be
addressed to effectively promote and develop teachers’ I-TPACK beyond supported
didactic. The support needs that remain to be addressed in Posy County included aspects
of organizational culture, professional development, teacher self-efficacy, and identifying
the expectancy-value of the IWB for teaching and learning (see Table 37).
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Table 37
Summary of Perceived Barriers
Barrier
School administrator
support

Domain
Organizational Culture

References
5

Teachers
Tammy, Bailey,
Latoya, Wilma, Julia

Ongoing PD

Professional Development

3

Bailey, Wilma, Julia

PD reflection on use

Professional Development

3

Julia, Bailey, Deanna

PD group
collaboration

Professional Development

3

Wilma, Julia, Bailey

Organizational Culture

2

Deanna, Latoya

IWB features for
immediate use

Professional Development

2

Wilma, Julia

Accessing IWB
features

Professional Development

2

Wilma, Julia

PD Learning by Doing Professional Development

2

Wilma, Julia

IWB lesson design

Self-efficacy

2

Wilma, Latoya

Seeking out online
resource support

Self-efficacy

1

Latoya

IWB feature use

Self-efficacy

1

Julia

Recall of IWB
advantages

Self-efficacy

1

Julia

District administrator
support

Support needs related to organizational culture included school and district
administrator support and peer support. The most frequently referenced support need was
the school administrator taking an active school role in providing IWB support. Support
needs related to professional development included ongoing opportunities to reflect on
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IWB use, IWB strategies that can be used immediately, accessing a variety of IWB
features. In addition, PD opportunities that included learning by doing and time to
collaborate with peers. There were three aspects of self-efficacy that suggest a potential
barrier to interactivity and enhanced interactivity such as lesson design, seeking out
online resources, and the use of a number of IWB features (i.e. clickers, screen-capture,
pens and touch tools etc.). The ability to recall the advantages of the IWB was referenced
by one participant as a barrier related to teachers’ expectancy-value of the IWB for
teaching and learning. The combination of support needs varied by teacher, with some
teachers needing more support than others. Wilma and Julia reported the most support
needs reporting the reflections on the use of the IWB during PD, IWB feature use, and
the recall of advantages for the IWB as barrier. Wilma on the other hand reported
designing lessons that included the IWB for instruction was a barrier.
Teachers that exemplified I-TPACK at the supported didactic stage contended
with first-order barriers like school and district administrator support, ongoing PD, and
reflection on IWB use during PD. There were some barriers teachers perceived at the
supported didactic stage shared by teachers that exemplified I-TPACK at the interactive
stage. However, some other barriers persist that were related to aspect of professional
development that included information that could be used immediately in the classroom,
accessing a variety of IWB use, opportunities to learn by doing, designing IWB lessons,
and finding etching out time to seek out online resources to enhance knowledge of the
IWB. Beyond the interactive stage, teachers that exemplified I-TPACK at the enhanced
interactivity stage perceived some barriers similar to those at the supported didactic and
interactive stage. However teachers that exemplified I-TPACK at the enhanced
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interactivity stage perceived some barriers that were different than teachers that
exemplified I-TPACK in the preceding strategies. Those barriers were primarily related
to second-order barriers related to self-efficacy and the expectancy-value of the IWB.
Teacher perceived their ability to recall the advantages of the IWB and use certain IWB
features as barriers.
Tier 3: Frequency of IWB use and Stages of I-TPACK Findings
In Tier 3 of the framework the presumption was that the more teachers used the
IWB the more effectively the IWB could be used to enhance teaching and learning
mathematics. After data were analyzed, the relationship between the stages of I-TPACK
teachers achieved and the frequency at which they used the IWB to teach mathematics
was dismissed. The data do not support this presumption. There were teachers that used
the IWB equally much as another teacher and exemplified different stages of I-TPACK.
However, the data do support that there is a relationship between secondary mathematics
teachers’ perceived barriers and the I-TPACK stage exemplified by the teacher in the
mathematics classroom. The rationale is as support needs are addressed in each of the
highlighted areas (i.e. organizational culture, professional development and aspects of
teachers’ beliefs), the stage at which teachers exemplify I-TPACK in the mathematics
classroom will likely increase.
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CHAPTER V
DISCUSSION AND CONCLUSION
In this chapter, I connect previous research studies with the findings in this study. This
chapter is organized into the following sections: (a) discussion, (b) conclusion, (c)
limitations, and (d) implications for theory, practice and research.
Discussion
The purposes of this study were to (a) examine the perspectives of secondary
mathematics teachers with regard to the use of IWBs for teaching, (b) determine how
secondary mathematics teachers in one school district use the IWB to guide students
toward mathematical proficiency, and (c) consider how secondary mathematics teachers’
perspectives in one school district were influenced by first-order and second-order
barriers to technology integration. IWBs can be used to support student engagement,
interest and possibly increase achievement in mathematics if used effectively. Schools in
Posy County School District as well as other schools need practical knowledge to inform
sustainable plans for using IWBs effectively in mathematics. To begin to address this gap
in reasearch, the following factors were considered when examining the context needed
to better understand the complexities of developing teachers’ I-TPACK in mathematics:
(a) Niess et al. (2009) M-TPACK framework, (b) Miller and Glover (2005) stages of
IWB use, and (c) Ertmer (1999) first-order and second-order barriers to technology
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integration provided the context to understand the complexities of using the IWB
effectively.
Perspectives of Secondary Mathematics Teachers in Posy
Secondary mathematics teachers in this study in were knowledgeable users.
Teachers in this study acknowledge the appropriateness of IWBs to enhance mathematics
instruction. Though some teachers faced more barriers than others, most realized ITPACK on their own terms by attending and participating in professional development to
identify curriculum ideas for incorporating the IWB as a tool for learning. Barriers
existed in Posy County. These findings revealed most secondary mathematics teachers
that participated in this study exemplified I-TPACK at the interactive stage. Some
teachers exemplified I-TPACK at the supported didactic stage, and only two exemplified
I-TPACK at the enhanced interactivity stage. Barriers related to organizational culture,
high-quality professional development, and teacher self-efficacy persisted in the case of
most secondary mathematics teachers in this study. Eighty-one percent of lessons moved
beyond the supported didactic stage. Having the majority of the lessons move beyond
supported didactic is promising, but 19% of lessons were exemplified at the supported
didactic stage and only 19% of lessons were exemplified at the enhanced interactivity
stage.
In order for the stage at which teachers exemplified I-TPACK to advance,
teachers would need to increase the number of PCK strategies enhanced with the IWB.
There were 13 of 16 PCK strategies used in more than 50% of the lessons observed,
while four of five I-TK affordances were observed in fewer than 30% of all lessons.
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Other areas of focus include attending to the themes of M-TPACK (i.e. Teaching,
Learning and Access) with the goal of helping teachers transform their use of the IWB in
mathematics beyond the supported didactic stage to the enhanced interactivity stage. As
stated, Marzano and Haystead (2010) found that increasing the use of certain PCK
strategies, as examined in this study with the support of the IWB, may raise student
achievement an average of 17 percentile points over what would be expected if teachers
did not use the IWB. Support needs related to organizational culture included school and
district administrator support, and peer support. In regards to high-quality professional
development, support needs include ensuring PD is ongoing, and allows time for teachers
to collaborate and reflect on the use of the IWB. Challenges related to low levels of
efficacy included designing lessons for use with the IWB, seeking out online resources,
and recalling the advantages of using the IWB as a support need.
Barriers to I-TPACK in Posy Mathematics Classrooms
Despite barriers faced by Posy teachers, they evidenced the relevant knowledge,
and confidence to empower themselves to integrate technology into their mathematics
classrooms in what they perceived as meaningful ways. The findings in this study suggest
that teachers can develop TPACK on their own terms by attending to first-order barriers
and second-order barriers (Ertmer, 1999). Teachers can purchase their own equipment,
use online resources to gain knowledge of IWB use, and enroll in graduate courses at
local universities. Some teachers exemplified I-TPACK up to enhanced interactivity;
some made the use of the IWB a visible priority by using the IWB to deliver mathematics
instruction daily. Certain factors including a lack of administrator support, quality PD and
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self-efficacy influenced how often and to what extent the IWB was used in their
mathematics instruction.
Organizational Culture
Zhao and Frank (2003) explained that technology innovation is less likely to be
adopted if it deviates too greatly from the existing values, beliefs, and practices of the
teachers and administrators in the school. As illustrated in the conceptual framework (see
Figure 3), there is a direct linkage between the organizational culture and teachers
expectancy-value of the IWB. Markedly, the most frequently referenced barrier among
teachers, that exemplified I-TPACK at the supported didactic stage, was the active role of
the school administrator to provide IWB support. Teachers simply did not perceive that
neither school administrators, nor district administrators made the use of IWBs a visible
priority. This was evidenced by a lack of training, and time allotted for planning and
preparation of such lessons.
Professional Development.
As noted, support needs related to professional development included ongoing
opportunities to collaborate and reflect on IWB use with peers, learning by doing,
provide IWB strategies that can be used immediately, and guidance accessing a variety of
IWB features. To address this need, school leaders may consider implementing a designbased approach to professional development that helps teachers integrate technology
effectively (Beckett et al., 2003; Cole et al., 2002; Keller & Suzuki, 2004; YamagataLynch, 2003). The essential element of the design-based approach is the inclusion of
opportunities for teachers to reflect on their learning and pedagogy as well sharing their
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learning with peers. As a result, teachers gain knowledge of how to use technologies,
specifically the IWB, and have higher confidence. Knowledge of how to use the IWB
more effectively may support student engagement, interests, and increased achievement
in mathematics (Kubitskey, Fishman, & Marx, 2003).
Beliefs
Teachers’ beliefs about the nature of knowledge and learning influenced their
beliefs about effective ways of teaching with technology. In general teachers hold a set of
views about the content they teach, the capabilities of their students, learning processes,
and pedagogical methods. Therefore, augmenting teachers’ beliefs can be slow and at
times difficult. Teachers must believe in the ability of the PCK or I-TK strategies and
affordances to achieve their instructional goals and motivational needs. These findings
are consistent
Teacher self-efficacy. Studies have shown professional development enhances
teachers’ beliefs of self-efficacy to integrate technology when an effective approach is
used (Niederhauser & Perkmen, 2008; Overbaugh & Lu, 2008; Wang, Ertmer, & Newby,
2004). In this study, self-efficacy was the only barrier perceived among teachers that
exemplified I-TPACK beyond the interactive stage. The expectancy-value was less of a
concern at this stage as most teachers believed the IWB increased student achievement,
supported student engagement and increase their productivity as a teacher. Unlike certain
aspects of self-efficacy that were identified as barriers like designing lessons for IWB
use, seeking out online resources etc. In Julia’s case, barriers related to self-efficacy
could be linked to the numerous barriers she faced regarding limited high-quality
professional development experiences. Teachers in this study were all classified as
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knowledgeable users, based on a combination of factors like quality PD experiences,
expectancy-value, and high levels of self-efficacy. It was important to document how
teachers perceived themselves and then triangulate their actions. This practice is
common; Ertmer (1999) explained though knowledgeable users have a high degree of
self-efficacy and expectancy-value of the IWB for teaching and learning, partly due to
their technological skills, this does not always ensure the technology will be used at a
high level. As in this study, teachers generally valued the use of the IWB for teaching and
learning but at times did not maximize the use of the IWB during instruction, partly due
to first-order and second-order barriers that exist in Posy.
Expectancy-Values. Identifying teachers as knowledgeable or limited users
allows school leaders to assess the needs of their staff, and devise technology
professional development plans that are differentiated and designed to meet the needs of
the teacher in way that is likely to promote enduring technology implementation. For
example, though all teachers in this study were knowledgeable users, their support needs
differed. Therefore choosing an appropriate approach to professional development (i.e.
mentoring and coaching, design-based, and knowledge integration) may increase the
likelihood teachers in this study would exemplify I-TPACK at high levels.
When interviewed, Posy teachers explained that less frequented I-TPACK
strategies and affordances were related to their beliefs about teaching in general. In
general meaning, teachers were knowledgeable of certain strategies and affordances, but
made conscious decisions not to use them citing the age of the students, time, blocked
websites, and personal preference. Two Posy teachers in this study specifically reported
that the age group they taught would not appreciate certain PCK and I-TK strategies and
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affordances. This finding is consistent with Fullan (1991) and Cuban (1993) that
explained not every teacher will accept technology as a viable tool for teaching and
learning and that even the most distinguished ideas, when connected to teachers’ existing
knowledge and beliefs, might be added to teachers’ repertoire but not used in classroom
practice.
Support needs. In summary, support needs that remain in Posy included aspects
of organizational culture, high-quality professional development, and teacher selfefficacy. Strategies for addressing support needs include administration support through
shared leadership and developing a shared vision for using IWB effectively. Other
strategies include providing high-quality IWB professional development that includes
opportunities to reflect, collaborated and design lesson that include the use of the IWB.
There were many combinations of support needs that varied by teacher. Some teachers
were in need of more support than others. Teachers that exemplified I-TPACK at the
supported didactic stage primarily contended with first-order barriers, related to
organizational culture and professional development. Teachers that exemplified ITPACK at the interactive stage contended with one aspect of first-order barriers, which
was professional development. At the enhanced interactivity stage, at times, teachers
contended with aspects of self-efficacy, as barriers related to high-quality professional
development were perceived. To add, there were other support needs I discovered related
to organizational culture in Posy County. Those support needs were related to competing
school and district initiatives and issues of academic equity.
Unexpected findings. As secondary mathematics teachers’ perspectives were
examined other barriers surfaced that were not obvious at the onset of the study. These
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barriers included competing initiatives and persisting issues of academic equity. Some
Posy teachers reported little time for planning, citing a number of competing initiatives
(i.e. district benchmark testing, state testing, newly purchased computer software, and
uniformed lesson) attributed to local and district administration. School administrators
are key facilitators in technology integration. Priorities of an organization influence how
time and resources are applied (Deal & Peterson, 1993). No matter how much training
teachers receive to prepare them for technology integration, most do not successfully
employ that training without input from the principal (Awalt & Jolly, 1999; Maxwell,
1997; National Center for Education Statistics, 2000; Sandholtz, Ringstaff, &
Dwyer,1997). Teachers perceived the lesson plans as time consuming and added little
value to their classroom practice. Teachers in fact are not free agents (Somekh, 2008).
The absence of a supportive structure reduces the likelihood that technology integration
initiatives or any initiative will be effective. Maintaining membership in a group is
important to teachers, given the particularly strong cultures that exist within schools
(Ponticell, 2003; Roehrig et al., 2007; Somekh, 2008) and innovative teachers are easily
overpowered by pressures to conform (Ponticell, 2003; Roehrig et al., 2007). Posy’s
organizational culture like those studied by researchers (Hall et al., 2006; McMurray
State University, 2004), can expect little success with technology implementation when
teachers’ expectancy-values are no longer aligned with those of the school or district.
Teachers’ use of technology for teaching and learning depends on the interlocking
cultural, social, and organizational contexts in which they live and work (Somekh, 2008).
Teachers in standardized tested areas like Tammy, Wilma, and Julia consistently
expressed cognitive overload implementing the new CCSS, prepare students for the
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Partnership for Assessment of Readiness for College and Careers (PARCC) state
assessment, and learn a new curriculum. It was unclear whether standardized testing was
a major factor affecting how teachers exemplified I-TPACK in Posy, but it was worth
mentioning, as the only teacher to reach enhanced interactivity was the AP calculus
teacher, who is not subject to high-stakes state assessments. Students in AP calculus take
the AP exam, but the test results are not factored into the students’ grade nor influence
graduation. Support needs to address this barrier may include administrator’s ensure the
shared vision of the organization includes teaching and learning with technology and
taking the appropriate actions to realize the vision, considering the barriers, beliefs, and
support needs of the teachers. As noted in the related literature, to support the magnitude
of change that accompanies successful technology integration, leadership literature
advocates sharing leadership (Curry, 1992), building relationships, and defining the
organizational vision (Bates, 2000; Wallin & Ryan, 1994). Leaders are encouraged to
work through concepts rather than structures (Wheatley, 1992) and empower
stakeholders to achieve the vision that creates a larger sense of the future (Covey, 2001).
In other words, when schools focus on select, manageable change initiatives, they
increase the probability of achieving successful implementation of those initiatives.
Concentrating on a few important initiatives at a time, like technology integration, can
increase capacity to change. Ultimately, the organization can develop the collective
beliefs, capacity, and experiences to sustain improvement efforts that ultimately lead to
long-term, positive student outcomes. One might argue the present focus is implementing
the CCSS, but we would be remiss to remember, that the standards is not the curriculum.
Teachers must employ certain knowledge like PCK, TPACK, and I-TPACK in order to
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help students meet or exceed the standard. The research is clear; technology can be
combined with best practices and raise students achievement (Kuan-Cheng, Yu Che, &
Hung, 2012; Marzano & Haystead, 2010; McFarlane, Sparrowhawk, & Heald, 2002;
Prensky, 2003)
Another unexpected finding was that Tammy and Wilma served as the
mathematics teachers in Title I schools and reported using the IWB less frequently than
all other teachers in the study. Buster and Upton are both schools that have a long history
of underperforming on state tests and students enrolled from low SES families.
Regrettably, less time spent using technology in Buster and Upton is consistent with a
national trend stemming from an increased pressure to improve test scores and teacher
quality in schools that primarily serve minority students from low SES homes. The
growing pressure to follow state standards and raise test scores could quite possibly drain
classrooms of creativity and intellectual spark. Sadly, these happenings are most
pronounced in schools serving large proportions of minority students from impoverished
communities. These groups have statistically been found most likely to be provided
teachers who have less than three years of teaching experience, out-of-field, or teachers
who express low “teachability” indices. Teachers of this group were least likely to
provide cognitively demanding lessons and use technology (Flores, 2007; Woolley,
Strutchens, Gilbert, & Martin, 2010). Very few from these subgroups matriculate to
complete secondary mathematics courses successfully. Teachers of this group must not
default to the pressures of cultural differences and insist on engaging these students in
reasoning and non-routine procedural problem solving, and use technology in
instructional delivery (Flores, 2007; Patrick, Ryan, & Kaplan, 2007).
158

Conclusion
This study contributes to the body of research in variety of ways. First, this study
further sheds light on a national problem regarding the quality of learning opportunities
in mathematics for all students, particularly minorities and students from low-income
families (Flores, 2007; Darling-Hammond, 2010; Darling-Hammond et al., 2014). This
study revealed that every teacher, employed in schools with a high population of minority
low-income students, exemplified I-TPACK at the lowest level of use in one or more
lessons, used the least number of I-TK and PCK strategies and affordances, and used the
IWB the fewest number of days per week. The disparities in technology access and
teacher quality are of utmost concern considering the percentages of students from these
communities that are more likely not to achieve mathematical proficiency than other
populations of students. Schools where teachers do not effectively engage students in
technology-enhanced learning are at-risk, adding an additional disadvantage of reducing
their readiness to engage in one of the primary means of information transfer in a
technologically based society and global economy.
Second, this study extends upon the practical information needed to use IWBs
effectively. In this study, three major lines of study in the field of educational technology
were integrated: (a) IWBs (Miller & Glover, 2009); (b) M-TPACK (Niess et al., 2009);
and (c) first-order and second-order barriers to technology integration (Ertmer, 1999). To
my knowledge no studies have integrated these three lines of research, though necessary
to better understand the underlying complexities of purchasing and integrating IWBs in
mathematics. Each line of literature held an important connection to the other. Some
concepts overlapped while others served as a response to the limitations of the other. For
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example, M-TPACK provided the field of educational technology a common language to
talk about how technology interacts with mathematical pedagogical content knowledge,
but was limited in its explanation of other factors that affect technology integration like
first-order and second-order barriers to technology integration (Ertmer, 1999). Ertmer
(1999) categorized these factors shown in a number of studies that significantly impact
technology integration (Hew & Bush, 2007; Graham, 2011, Inan & Lowther, 2010;
Robinson, 2003; Yildirim, 2013). Ertmer work along with others allowed me to extend
the discussion of “what” factors affect IWB use in secondary mathematics to questions
that consider “how and “why” these factors affect IWB use in secondary mathematics
classrooms. The answers to these questions provide educators and policy makers the
practical knowledge needed to intergrate IWBs effectively in mathematics courses.
Another way this study contributes to the body of literature is that furthers the
work Niess et al. (2009) began with regards to teaching with technology in a matheamtics
classroom. At time Niess et.al (2009) began this work, there were a number of models
that related to technology use, none discpline specific to the mathematics or a single
device. One explanation was that researchers in the field of educational technology tend
to move from one technology innovation to another, without grappling with the
complexities of one (Graham, 2011). In in practical sense researchers preferred to concert
efforts to develop general technology integration models due to potential wide
applicability, however different contexts and lack of specificity among technological
tools is problematic (Graham, 2011). In this study, I address this concern by studying a
single device, the IWB. I synthesize the work of Miller and Glover (2011) with our
understanding of TPACK. Meaning, TPACK represents the knowledge and the stages of
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IWB use represented the demonstrations of that IWB (stages of I-TPACK). Inherently,
considering I-TPACK, teaching strategies are more focused and aligned to the unique
affordances that stand to be maximized with the support of the IWB. Lastly, studying a
single device, first-order and second-order barriers are more readily known to educators
and policy makers considering sustainable technology integration plans for improving
student learning opportunities, particularly those at-risk. The best chances for schools to
achieve long-term goals for advancing I-TPACK development among secondary
mathematics teachers are to better understand how I-TPACK is exemplified and how
barriers to technology can affect how teachers exemplify I-TPACK. Schools can benefit
from practical information found in this study to inform sustainable technology
integration plans with the hope of creating rich technology-enhanced learning
environments for students learning mathematics. Teachers will need to extend their PCK
to a more robust knowledge of educational tools that include the IWB. Rather than focus
solely on acquiring large quantities of technology, there should be emphasis on
establishing a shared vision of pedagogy for teachers, and learning for students (Park &
Ertmer, 2008). IWBs, like other technology devices are tools for learning. The IWB is
only as effective as the teacher prepared to use it. One solution is to understanding how
adults learn in professional development sessions, which is a detail that is often
overlooked as was in the cases like Tammy, Julia, and Wilma that used the IWB the least
or did not consistently exemplify I-TPACK at the enhanced interactivity stage
(McQuiggan, 2007; Wolf, 2006). Recounting how I-TPACK can be exemplified in an
actual mathematics classroom setting, as in this study, teachers can begin to distinguish
among new and existing ideas they presently hold and reflect on how their instructional
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practices or dispositions may be improved with the support of IWBs as a learning tool in
mathematics (i.e. Stages of I-TPACK). Teachers can reflect on their teaching practices
relative to the students they serve, essentially questioning whether their teaching
strategies are in fact limiting or advancing students’ readiness to engage in a
technologically based society and global economy.
Limitations and Delimitations of the Study
Conceptualizing TPACK
The TPACK framework can be complex. Conceptualizing TPACK and measures
of its use at the onset of this study was admittedly challenging due to the boundaries and
variations between and among each knowledge domain (Angeli & Valanides, 2009;
Archambault & Barnett, 2010; Cox & Graham, 2009). To overcome this complexity,
rather than focus on all seven domains in the TPACK framework individually, this study
focused on a single technology device and mathematical pedagogical content knowledge
(I-TPACK). Studying TPACK using this approach maintained the spirit in which TPACK
was introduced to research community as an integration of knowledge teachers need for
using technology effectively (Mishra & Koehler, 2006).
Generalizing the results. The development of a model for mathematics teachers’
I-TPACK development model was desired, but was beyond the scope of this study
primarily due to the time allotted to complete this study. A complete model for
mathematics teachers’ I-TPACK would justly be inclusive of the themes, levels,
descriptors, and examples as documented by Niess et al. (2009). Further study is needed
in a variety of contexts to provide sufficient evidence that the findings in this study are
generalizable on a larger scale (i.e. Stages of I-TPACK, cases studies etc.). The context
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of this study is bound within the experiences of a small number of teachers in a rural
school setting, however the students served in these schools can be found across the
nation. The teachers in this study served at-risk, minority and low-income students. There
are 5,006 Blacks, 88 Hispanics and 1,156 Whites; about 85% of all students were from
low-income homes.
Challenges and contexts differ from setting to setting due to differences in
organizational culture, teachers’ beliefs and the types of professional development
received. The findings in this study should be interpreted in light of such. Though
generalizability is limited, due the nature of qualitative research I took some time to
improve the generalizability of the results of this study. I was careful to provide a thick,
rich description of the cases presented in this study, along with the clear coding methods
to provide context to final analyses. In addition, I also provide a theoretical framework
grounded in three theories: (a) organizational culture theory (i.e. resources, shared
vision), (b) adult learning theory (i.e. professional development), and (c) self-efficacy
theory (i.e. attitudes/beliefs), that may be a viable catalyst for which the results can be
somewhat generalized across populations and contexts. Findings in this study
exemplified that case study could provide a promising venue for better understanding
how I-TPACK can be promoted and developed. Each case presented in this study
represents authentic pedagogical problems, directly applicable to classroom settings. The
conceptual framework illustrates the processes that should be considered as schools work
to devise sustainable technology integration especially related to IWBs.
Self-reported data. I understand the e-survey interview data collected in this study
are self-reported. Data could have been exaggerated, respondents could be embarrassed
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by certain details of their experiences, and motivations, and feel pressured to respond in a
way they believe they should. To ensure teachers’ most forthright response, self-reported
data was tempered with confidentiality and two triangulation methods. For example, as
teachers responded to the interview survey, they were not asked to provide their name or
the school’s name. In the consent letter, I state the benefit of participating in the study,
and how their contribution may be used to inform technology purchases and improve the
quality of professional development related to integrating technology for teaching and
learning. The use of the embedded multiple case study design was efficient. Self-reported
data was examined case-by-case and then compared to other cases, therefore detection of
possible exaggerated response was fairly noticeable as in the case with Deanna. When
self-reported data did not consistent, I was prompted to ask additional follow-up
questions.
Confidentiality. Confidential responses were used to guard against exaggerated
responses. As teachers were asked to participate in the initial survey interview, I provided
an identification number rather than require teachers to record their names and the names
of their schools. I also included the options “not applicable” and “neutral” to counter
exaggerated or pressured responses. During face-to-face interviews teachers were given
the opportunity to clarify, extend, or modify their responses. Using a list of interview
topics rather than a scripted set of questions provided natural segways to topics teachers
may have felt were embarrassing or damaging to their image or organization.
Implications for Research and Practice
The findings in this study provide the research community and schools, some
strategies that can be used to develop and promote teachers’ I-TPACK. As new
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technologies continue to emerge, researchers and practitioners should continue to pause
and assess new technologies’ influence on teacher knowledge and best practice. ITPACK carries the hope for meaningful pedagogical change in the methods traditionally
used in learning environments. IWBs can be used to help students develop thinking skills
and abilities that will reflect the challenges of the 21st Century. The findings in this study
shed light on how I-TPACK can be developed and promoted by addressing first-order
and second-order barriers to technology integration. The key is recognizing and
understanding areas where barriers persist, and using this knowledge as a tool to develop
sustainable technology integration plans. In this study I have explained through authentic
classroom experiences and research-based actions how teachers exemplify I-TPACK and
how other factors may influence how teachers exemplify I-TPACK. School leaders can
use this knowledge to set concrete goals regarding student outcomes congruent with each
stage of I-TPACK (e.g. increased motivation to learn, a means to grapple with complex
subject-matter, increased student achievement and average percentile gains in student
achievement).
Future Research
Future researchers should continue to with a focus on authentic pedagogical
problems related to technology, directly applicable to the mathematics classroom setting.
At a superficial level, most research related to technology use ends with increased student
engagement. How teachers will use technology to guide to raise student achievement in
mathematics is a moving target as new technology and its affordances continue to evolve.
Few studies have taken the next step to describe methods and strategies can be used to
exemplify I-TPACK. In this study I examined the beliefs, barriers, and support needs of
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teachers. I delineated and described how teachers exemplified I-TPACK, but focused
little on students’ response to teacher’s demonstration of I-TPACK. Future studies should
examine how technology can affect student beliefs, barriers, and support needs in
secondary mathematics courses. In this study, I found students were engaged in a range
of Standards of Mathematical Practice as technology was used. I observed teachers using
the IWB to develop advanced levels of understanding of mathematical concepts. I
observed students making mathematical connections to their work as part of what I
perceived as a normal learning experience but given this was not the focus on this study
no conclusions can be made. This is why future research is needed to document students’
response to different stages of I-TPACK stages. The complexities of students’ thinking
processes were on display on the IWB for every student in the class to see. Students and
teachers gathered at this workspace to make their thinking visible.
Technology has the potential to make complex and abstract mathematical ideas
more accessible to students, especially to those who have difficulties with challenging
curricular concepts (NCTM 2000, 2008). Future research related to I-TPACK should
consider students’ response to teachers’ demonstration of I-TPACK, beyond the broad
heading of student engagement. One aspect of might include the concept of visible
thinking, which involves abilities, attitudes, and alertness all at once (Harvard Project
Zero, 2014). Visible thinking is based on years of research concerning children's thinking
and learning, along with research and development processes in classrooms. Teachers can
help students foster alertness to situations that call for innovative thinking and positive
attitudes toward thinking and learning with the support of the IWB. Visible thinking
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strategies and technology are only as effective as teachers prepared or motivated to use
them.
Teachers that use the IWB can potentially guide students toward mathematical
proficiency, increasing student achievement and supporting student engagement, but
future study should also consider reevaluating how institutions prepare teachers for
secondary mathematics education. NCTM recognized and advocated the importance of
the types of experiences teachers needed to be prepared to meet this standard:
If teachers are to learn how to create a positive environment that promotes
collaborative problem solving, incorporates technology in a meaningful way,
invites intellectual exploration, and supports student thinking, they themselves
must experience learning in such an environment (NCTM, 2007, p. 119).
Similarly, the Association for Mathematics Teacher Educators (AMTE) advocated for
enhancing the preparation of mathematics teachers in their Technology Position
Statement:
Mathematics teacher preparation programs must ensure that all mathematics
teachers and teacher candidates have opportunities to acquire the knowledge and
experiences needed to incorporate technology in the context of teaching and
learning mathematics (AMTE, 2006, p. 1).
In the absence of professional development on instructional technology like the
IWB and supporting curriculum materials that integrate IWB use into the lesson content,
teachers are not particularly likely to embed IWB activities into their courses. In this
study, accesses to high-quality professional development remained a barrier for at least
three teachers. Teachers must be trained to integrate strategies into their classroom
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practice. This study, along with future studies is not about a matter of focusing attention
on academic achievement or 21st Century knowledge and skills individually; but about
fusing the two, so that students and teachers can readily meet the demands of a global
economy.
In this study, I grappled with the connections between I-TPACK and technology
integration to provide schools practical information to inform sustainable technology
integration plans. To address other factors that affect how teachers exemplify I-TPACK, I
examined first-order barriers, and second-order barriers. As new technologies continue to
emerge, schools and researchers in the field of educational technology should continue to
pause and assess its influence on teacher knowledge and best practices. The findings
among seven secondary mathematics teachers in Posy County shed light on how firstorder and second-order barriers influence how teachers use the IWB in mathematics
instruction. Years after the inception of IWBs in schools, barriers continue to persist.
However, in good fashion, this research study has provided some actionable steps that
can be taken by schools to improve teaching and consequently students’ learning
opportunities with the support of interactive whiteboards. The good news is that research
shows that if at-risk students gain ready access to appropriate technology used in
thoughtful ways, they can make substantial gains in learning and technological readiness.
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APPENDIX D
SUGGESTED SECONDARY COURSE SEQUENCE OPTIONS FOR
MATHEMATICS
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INTERVIEW/OBSERVATION PROTOCOL
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Observation/Interview Protocol Teacher Interactive Whiteboard TPACK
Lesson:________________ Primary Focus
Standard(s)________________Teacher:__________________
Start Time:____________End Time:_______________
Construct

Evidence

1. Student-Centered
Interaction – Student
controls the tempo of
the conversation,
discussion, or delivery
of the content.
____Yes ____No
2. Teacher-Centered
Interaction – The
teacher controls the
tempo of the
conversation,
discussion, or the
delivery of the content.
____Yes ____No
3. Chunking – organizing
content in small
segments. Small
digestible chunks.
____Yes ____No
4. Pacing - the speed with
which the teacher
guides students through
new information.
Teacher slow down or
speeds up a
presentation in reaction
to the students’ needs
and engagement levels.
____Yes ____No
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Researcher
Comments

5. Use of Non-linguistic
Representations –
present content in ways
that do not employ
language. Use of
pictures, pictographs,
graphic organizers etc.
____Yes ____No
6. Student Progress
Monitoring systematic
identification of
students’ level of
understanding of the
content. Teacher
formally or informally
assesses students
understanding and
using the results to alter
instruction.
____Yes ____No
7. Scaffolding –
information is
presented in a way that
leads to another piece
of information.
Information flows in a
clear and logical way.
____Yes ____No
8. Clarity of Content –
information is
presented in a way in
that the important
content is made clear.
The presentation of the
information is free
from distracting
content or images. The
teacher uses
highlighting to mark
critical versus
peripheral content.
____Yes ____No
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9. Student Response
Rates – Student
response to questions
prompted by the
teacher.
____Yes ____No
10. Shared Digital Gaming
Platform – Online
games or computer
software
____Yes ____No
11. Shared Feedback –
Peer prompted
questions or
discussions beyond the
classroom or
interaction between
peers.
____Yes ____No

217

Interactive Whiteboard Feature use (Technological knowledge-TK)
Feature
1. Annotations – highlighting,
underlining, and interacting
with the displayed text.

Yes

2. Hyperlinked text – text that
takes the reader directly to
another source within the
document or to the web etc.
3. Screen capture - captures the
image on the screen and saved
for future retrieval or reference.
4. Real-time sharing – use of
responses systems or instant
messaging polls etc. to survey
students ideas or understanding.
The sharing of ideas or
understandings with the teacher
or peers.
5. Maximized spontaneous teacher
moments – number of moments
when the teacher is to explore
an idea or concept that was not
preplanned or anticipated to
support the lesson.
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 First Order Barriers to Technology integration and TPACK
 Organizational culture/Organizational Culture Theory
(i.e. peer, local and district support)
 Positive Perception
 Neutral
 Negative Perception
 Professional Development/Adult Learning Theory (i.e. learning by doing,
problem solving)
 Positive Perception
 Negative Perception
 Neutral
 Not Applicable
 Second-Order Barriers to Technology integration and TPACK
 Teachers’ Belief
 Frequency of IWB Use
 Positive Perception
 Negative Perception
 Neural
 Not Applicable
 Self-efficacy (i.e. perceived ease of use, technological skills)
 Positive Perception
 Negative Perception
 Neural
 Not Applicable
 Value of IWB for Teaching and Learning (i.e. perceived usefulness)
 Positive Perception
 Negative Perception
 Neural
 Not Applicable
 TPACK-Technological pedagogical content knowledge
 Pedagogical content knowledge (PCK)
 Shared emotional and behavioral experiences
 Student-centered
 Teacher-centered
 Shared feedback loops
 Shared digital gaming platforms
 Non-linguistic representations
 Scaffolding
 Clarity of content
 Student response rates
 Pacing
 Student progress monitoring
 Chunking
 Technological knowledge (TK)
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Annotations
Hyperlinked text
Screen capture
Real-time information sharing
Maximize spontaneous teacher moments
 Stages of I-TPACK
 Supported didactic
 Interactive
 Enhanced interactivity
 Frequency of IWB Use
 High
 Moderate
 Low
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